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More HP delivered 
per $ invested 


On any new drive design—where you have 
limited space or you need to keep weight 


down—here is an important fact that can 
save you money: 


7 standard belts) 


... thus reducing the width 
of sheaves. 


Sheaves with fewer grooves not only cost 
less, they weigh less, and take up less room— 
advantages that can easily improve the design 
A Gates Super Vulco Rope drive will and lower the overall cost. 


. A wealth of drive data is quick- 
deliver more horsepower per dollar gtiadagy ya: 


F ) ly available to you. Simply call 
invested than any standard V-belt drive. | naw || your nearby Gates V-Belt Dis- 


tributor for a Gates V-Belt Spe- 
: cialist. Stocks available in indus- 
Actually, the greater load carrying capacity of 


trial centers around the world. 
Super Vulco Ropes cuts down the number of The Gates Rubber Co., Denver, Colorado 
. a : " ' 
belts required (5 Super Ropes do the work of World’s Largest Maker of V-Belts 


Gates Super Vz Drives 
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AUTOMATIC LUBRICATI Gh 


provides constant, foolproof 
uniform lubrication — 


to protect any moving surface! 


Alermite Oil-Mist lubrication can be easily designed into 
any new or installed machine. This simple, continuous, 
completely automatic system eliminates human error— 
multiplies bearing life—reduces product spoilage — boosts 
machine output! Operates on compressed air... 


starts 


and stops when machine switch is turned on and off. 
Airborne lubricant is conveyed through tubing to bear- 
ings. Mail coupon below for full details about Alemite 
Oii-Mist. Now in use on modern, high-speed machines. 


8 Advantages of the Alemite Oil-Mist System 


1. Continuous lubrication. Deposits 
fresh, clean film of oil on all surfaces 
of all bearings. 


2. Fully automatic. Starts and stops 
with operation of machine switch. 


3. No guesswork. Bearings can’t be 
overlooked, or over-lubricated ! 


4. Reduction of bearing tempera- 
tures. Acts as bearing coolant. Reduces 
bearing temperatures as much as 20°F. 


5. Fewer types of oil. Reduces num- 
ber of oils that must be stocked, han- 
dled and applied. 


6. Elimination of downtime. All 
bearings are constantly lubricated 
while machines continue to operate. 


7. Extension of bearing life. Life of 
grinding machine bearings have been 
extended from 400 to 7,000 hours! 


8. As high as 90% less oil con- 
sumption. Usually consumes about 
1/10th amount used by any other oil- 
ing method. 


Mail coupon for Oil-Mist demonstration and information 


Maas Name 


ALEMITE f-- 


REG. U. S. PAT. OFF. 


Division of STEWART-WARNER CORPORATION 
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Lubricates any bearing on any machine 
with one of three types of fittings: 


Mist fittings for roller, ball, needle—or any 
anti-friction type of bearings. 


Spray fittings for open and enclosed gears 
and chains. 


Condensing fittings for plain bearings, slides, 
ways, vees, cams, and rollers. & 






lubricates 
plain 


bearings 


, 


lubricates 






gear 


Alemite Division of Stewart-Warner, Dept. BB-37 
1850 Diversey Parkway, Chicago 14, Illinois 


Please send me a FREE copy of your new and complete 
Oil-Mist catalog. 

Please have your Alemite Lubrication Representative arrange 
a no-obligation demonstration. 
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Zone State 


| City 











_ Do you know what 
ug 9/R. RAWHIDE GEARS | 


can do for you? 


4 


HERE'S WHAT—They will transmit power quieter, with 
less vibration than other types of gears. These tough, resil- 
ient Rawhide gears will absorb momentary overloads up to 
3 times their rated H.P. capacity . . . protecting expensive 
metal gears. Since C/R Rawhide pinions cause negligible 
wear, they actually prolong the life of mating metal gears. 


MORE FACTS— They require no lubricant, are noncon- 
ductors, and are extremely durable. Rawhide spur gears are 
cut in sizes from 1” O.D., 4” face up to 30” O.D., 12” face. 
D.P.’s range from 48” to 14"; horsepower ratings go up to 
50 H.P. or more. Where high temperature and humidity are 
factors, C/R gears cut from Nylon, Fabroil, Bakelite, or 
Micarta may be more suitable. 


ASK C/R—We’ve been cutting non-metallic spur, helical 
and bevel gears for all types of applications for over 74 
years. May we help solve your gear problem? 


Please write for illustrated C/R Gear Booklet. 


CHICAGO 
CHICAGO RAWHIDE MANUFACTURING COMPANY RAW H 1eon > 


1221 Elston Avenue « Chicago 22, Illinois 


Offices in 55 principal cities. See your telephone book. 

Other C/R Products 

C/R Shaft & End Face Seals « Sirvene 

(synthetic rubber) molded pliable parts « Sirvis-Conpor 
mechanical leather cups, packings, boots 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd. 
Export Sales: Geon International Corp., Great Neck, New York 
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The Salary Index Editorial 111 


Efficient Drafting Practice By Earlwood T. Fortini 


Conventional or simplified drafting? Here are scme practical points on 


developing the best drafting system for an engineering department. 


Scanning the Field for Ideas 
Three-dimensional printed circuits — pear-shaped fluid circuit for torque 
converters — backlash adjustment in worm-gear drives — secure anchoring 


of threadless studs — vacuum-tight sealing of valve plates 





SPEED REDUCERS AND GEARMOTORS By W. S. Miller 121 


A comprehensive design guide to selection and application of fixed-ratio 


gear units available in standard “packaged” forms. 
Why packaged reducers? 
Classification and performance rating. 


Selection, application and installation. 





By A. T. Templin and H. S. Peterson 150 


Factors influencing redesign of parts for high-production assembly. 


Induction Brazing 


Design for Fatigue Loading By Joseph Marin 


Part 5 — Stress-concentration, temperature effects, surface effects. 


Hydraulic Servos By J. M. Nightingale 


Part 3 — Practica! methods for analyzing typical systems. 


Corner Angles By Victor W. Bolie 


Data Sheet — Chart for determining corner angles in box enclosures. 


Titanium 


Protective Coatings for Springs 


Contemporary Design: Electric kitchen range with piano-key controls, 158; 


diesel-powered farm tractor with hydraulic transmission, 159 





CLARK CONTROLS help 


Warner & Swasey lathes 
“machine better, faster, for less” 


@ Selected for long, trouble-free performance, Clark 

Bulletin 6050 Size 2, Type “CY” 2-speed starters are used 

on Warner & Swasey’s No. 5 Universal Turret Lathes. 

Maintenance and wear on contact tips are reduced to a 

minimum as a result of an exclusive arc quenching method 

employed on Type CY” starters. Effective arc interruption 

and reduced wear on tips is accomplished by using strong 

multi-turn magnetic blowouts and double-break contacts. 

Forced rotation continuously moves the arc from a hot toa 

cold spot, distributing the heat evenly over entire contact, 
Clark Bulletin 6050, Size 2 Type “CY” Starter for preventing pitting or “build-up.” Tips require no cleaning 


Single Winding 2 Speed Constant Torque A.C. Motor : - 
used on Warmer & Swasey Universal Turret Lathes. or dressing over long years of maintenance-free operation. 


Write for complete descriptive literature. 


“Ue CLARK Ee CONTROLLER Company 


Everything Under Control / | 1146 East 152nd Street © © Cleveland 10, Ohio 
IN CANADA... CANADIAN CONTROLLERS, LIMITED @ MAIN OFFICES AND PLANT, TORONTO 
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Biggest Design Show-Conference 
Planned in New York, May 20-23 


Designers to See More Exhibits, 
Have Choice of Paper Sessions 


New York, N. Y.—On May 20 to 
23, this city’s Coliseum will be the 
site of the 1957 Design Engineer- 
ing Show and Conference which 
promises to be the country’s big- 
gest event of this kind. Planners 
have been spurred by success be- 
yond most estimates with the first 
Design Show and Conference in 
Philadelphia last year. The second 
will have more technical sessions, 
more displays, more attendance. 

About 340 companies have ar- 
ranged to exhibit products, com- 
ponents and services of direct con- 
cern and benefit to engineering de- 
signers and executives. Exhibits 
will be open during afternoons of 
the show days. 

Program sponsor is the ASME. 
Arrangements for the society are 
being made by George Habach, 
chairman of the ASME Machine 
Design Committee, and Charles 
Marks, chairman of the New York 
Metropolitan Section, Machine De- 
sign Division. 

Feature of the conference plan 





BOOM WILL BE LOWERED to 
ride out hurricanes after this 120- 
ft missile-launching tower, built by 
Noble Co., is delivered to the Air 
Force and put to use in Florida. 
The top 110 ft, shown here near 
vertical position, tilts 90 degrees in 
11 minutes. Nontilting base is 10 
ft high, 30 ft wide, 60 ft long. Base 
carries power and controls for tilt- 
ing, and for moving tower and mis- 
sile on its own two-track railroad. 
Power also changes elevations of 
five platforms each of which gives 
360-degree access to missile. Plat- 
forms are reached by elevators, one 
on each of the tower’s legs. 
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HIGH SKY LABORATORY is the U-2 built by Lock- 
heed and used by NACA to obtain detailed informa- 
tion about gust-meteorological conditions at high al- 
titudes. Powered by a Pratt & Whitney J-57 engine, 


the U-2 carries data-gathering instruments to 55,000 
ft. Its ability to maintain this altitude is its particular 
usefulness. Subjects under stud 
bulence, convective clouds, an 


include clear air tur- 
the jet stream. 





is that guests will have a choice of 
technical sessions on May 21 and 
22. Conference details now avail- 
able are the following: 

Monday, May 20—10:00 a.m. 
Subject: Procedures in Developing 
New Designs. A question and answer 
panel session, including running 
questions from the floor. 
Moderator—George Nordenholt, Edi- 
tor, Product Engineering. 

Panel Members—T. M. Butler, Direc- 
tor of Engineering, Burroughs Corp.; 
Myron S. Curtis, Engineering Vice- 
President, Warner & Swasey Co.; 
George F. Habach, Vice-President, 
Engineering, Worthington Corp.; 
Robert H. Hose, Partner of Henry 
Dreyfus Associates, and Past-Presi- 
dent, American Society of Industrial 
Designers; William J. Russell, Vice- 
President, Engineering, Landers, 
Frary & Clark; Walter Dorwin 
Teague, Walter Dorwin Teague As- 
sociates, and Past-President, Ameri- 
can Society of Industrial Designers. 

Tuesday, May 21—9:30 a.m. 
MECHANICAL SESSION 
New Developments in Design and Ap- 
plication of Gearing. By Darle W. 
Dudley, Advanced Design Engineer, 
Gear Engineering, General Electric 
Co., West Lynn, Mass. 

New Developments in Design and Ap- 
plication of Cams. By Harold A. 
Rothbart, Professor, Dept. of Me- 
chanical Engineering, City College of 
New York, New York, N. Y. 
MATERIALS SESSION 

Metallic Materials. By C. R. Simco, 
Principal Metallurgical Engineer, 
Battelle Memorial Institute, Colum- 
bus, O. 

Ceramics and Refractory Materials. 
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By John H. Koenig, Director, and 
Edward J. Smoke, Professor, School 
of Ceramics, Rutgers University, 
New Brunswick, N. J. 
ELECTRICAL SESSION 
Selecting Motors with New NEMA 
Frame Sizes. By Earl Barnes, As- 
sistant Chief Engineer, Reliance 
Electric and Engineering Co., Cleve- 
land, O. 
Field of Application of Static Con- 
trols. By Robert A. Mathias, Pro- 
fessor, Dept. of Electrical Engineer- 
ing, Carnegie Institute of Technology, 
Pittsburgh, Pa. 

Wednesday, May 22—9:30 a.m. 
MECHANICAL SESSION 
Designing for Easier Machining, Han- 
dling and Assembly. By Kurt O. Tech, 
Vice-President in Charge of Engineer- 
ing, Cross Co., Detroit, Mich. 
Hopper Feeding. By Floyd E. Smith, 
President, Perry Equipment and En- 
gineering Co., Erie, Pa. 
MATERIALS SESSION 
Plastics and Rubbers. By Wyman 
Goss, Manager, Phenolics Engineer- 
ing, Chemical Materials Dept., Gen- 
eral Electric Co., Pittsfield, Mass. 
Coatings and Finishes. By H. J. 
Reindl, Supervisor, Research, and De- 
velopment—Finishes Section, Inland 
Manufacturing Div., General Motors 
Corp., Detroit, Mich. 
ELECTRICAL SESSION 
Numerical Control for Machinery. By 
Claude D. Coffin, Senior Electrical 
Engineer, Warner & Swasey Co., 
Cleveland, O. 
Designing Machines for Automatic 
Controls. By C. B. Sung, Manager, 
Mechanical Development Section, Re- 
search Laboratories Div., Bendix 
Aviation Corp., Detroit, Mich. 


More Engineers Seen 
In Top Management 


Diversified Background Advised 
For Engineers Who Seek to Lead 


Los ANGELES, CALIF. — Engineer- 
ing has reached a “golden age”’ in 
which members of the profession 
are increasingly favored for top 
management positions. ‘The very 
nature of modern industry makes 
this inevitable.” These were re- 
marks of Donald W. Douglas, pres- 
ident of Douglas Aircraft Co., 
speaking at a recent Engineers’ 
Week banquet during which he re- 
ceived a special award for his ac- 
complishments in aircraft and mis- 
siles engineering. 

“The technological developments 
of recent years... have had a pro- 
found impact on our whole indus- 
trial structure. More and more, 
top management is forced to turn 
to the man with an engineering 
background.” Mr. Douglas urged 
engineers with management ambi- 
tions to acquire as diversified a 





Front Cover 


Bold and black, artist George Farns- 
worth’s front cover design emphasizes 
the power transmission aspects of 
worm-gear reducers. Cover-theme ar- 
ticle is by associate editor Bill Miller 
—a feature section on ‘Speed Re- 


ducers and Gearmotors"’ on Page 121. 
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HANNA 
“ee CYLINDERS 


/, = There is a complete line 
@ "7 hi ia of Hanna Cylinders to suit 

i is . all requirements of size 
and mounting . . . in ca- 
pacities up to 250 psi for 
low pressure air or hy- 
draulic operation, and up 
to 1500 psi hydraulic. 


for Dependable Fluid Power 
and Reliable Controls 


VALVES 


Designed to assure most 
efticient control, there 
are many types and sizes 
of Hanna Valves avail- 
able for hand, foot and 
electric operation, for au- 
tomatic, remote and speed 
controls. 


It may not take over half a century to design ‘“‘standard’’ Hanna cylinder or valve to suit 
and build a superior line of cylinders and valves your “‘special”’ jobs. 
. . » but the experience a company compounds e A plant engineering staff that backs a nation- 
in that time surely helps. Hanna has that _ wide regional engineering-sales organization to 
background. help you quickly solve difficult problems—and 

What does it mean to You, today—in terms follow through on = y cag as ce ore 
of cylinders and control valves? — Basically  Teduirements. Many Hanna Representatives 
these important things: stock the standard sizes and types of Hanna 

Products—the Hanna Plant, of course,does, too. 

e Products designed and manufactured to the Whether you need cylinders and controls for 
very highest standards of performance...  gquipment that is for resale, or for your own 
not built down to a price—although they are plant use .. . call or write your Hanna Repre- 
competitive, sentative (see classified telephone directory or 
e¢ A line so complete that you can specify a | Thomas’ Register) or write us direct. 


7 we 
= Hanna Engineering Works 
( #£ ) HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS ... VALVES 
we 1751 Elston Avenue, Chicago 22, Illinois 
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DIFFUSION SCREEN in North American Aviation’s new $5-million Tri- 
sonic Wind Tunnel looks like a giant-size colander. It could hold 7500 
bushels of potatoes. Its size is also indicated by the 6-ft man shown. Dur- 
ing a test blow, the screen diffuses air into a muffler building, protecting 
sound-proofing materials from sudden, uneven shock. 





background as possible, including 
a knowledge of fields outside their 
own profession. 


He emphasized the engineer’s 
function as “the agent through 
which our expanding knowledge of 
the universe is transformed into 
something of tangible value to the 
people of the world... . It is my 
hope that we do not wander too 
far from this down-to-earth con- 
cept.” 

Douglas called for a careful ap- 
praisal of the balance between re- 
search and practical engineering in 
the nation’s defense effort. ‘In 
our striving to find the ultimate 
weapon of tomorrow, we should 
not neglect the weapons of today. 
For that is when we may need 
them. . . . My concern is that we 
keep the ratio in balance.” 
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More Power, 52-Inch Height 
Seen in Future Cars 


Sealed Chassis Components, 
Rear-End Warning in Prospect 


Fort WAYNE, IND.—Cars of the 
near future are going to be even 
lower and more powerful than to- 
day’s and will have added driving 
safety and comfort. These fea- 
tures were forecast recently by 
Victor G. Raviolo, director of ad- 
vance product study and engineer- 
ing research on the engineering 
staff of Ford Motor Co. 

“There is no doubt that every- 
one wants a lower car—and this is 
fundamentally correct since it will 
have less frontal area and less 
wind resistance. Today’s cars are 
in the range of 56 to 61 in. high— 
tomorrow’s will be lower. There 





Topics 


Atomic curing of rubber has 
been accomplished by B. F. Good- 
rich Co., whose scientists produced 
an automobile tire by means of 
radiation. The company says the 
process results in a direct linking 
of the carbon atom chains of the 
rubber molecules, forming a 
stronger material than conven- 
tionally vulcanized rubber, in 
which carbon atom chains are 
linked through sulphur atoms. 
Laboratory tests indicate the tire 
has better resistance to abrading, 
aging and deterioration. Commer- 
cial atomic curing of tires is seen 
at least ten years away by Good- 
rich; not at all by some other rub- 
ber producers. 

e e@ @ 

Studying what goes down may 
aid in the design of interconti- 
nental missiles that go up beyond 
the earth’s atmosphere. Studies 
of meteorites have been suggest- 
ed as a source of information to 
missile designers to _ indicate 
changes, caused by aerodynamic 
heating and abrading forces, that 
occur when materials enter the 
earth’s atmosphere. 

e e e@ 


Diesel-powered gas turbine is to 
be developed by Solar Aircraft Co. 
for the Navy. It will be used as 
the main propulsion unit in land- 
ing and patrol crafts or as a 
prime mover for a ship’s genera- 
tors. 

* e o 


Electronics on the party line 
eliminates all unnecessary ringing 
of hand-crank type telephones, 
two million of which are still in 
use. An instrument called Se- 
coder checks all rings coming 
over the line and sounds off only 
on the particular ring for which 
it is coded. Secoders, which also 
hinder the activities of eavesdrop- 
pers, are made by Electrical Com- 
munications Inc. 

ee ee 


New pellet extrusion process 
for magnesium alloys is said to 
result in as much as 40 per cent 
increased strength. The process 
employs 0.016-in. spherical pellets 
instead of solid magnesium bars. 
Small size of the pellets produces 
fine grain structure and therefore 
high strength in the finished sec- 
tions. Dow Chemical Co. devel- 
oped the process for the Air Force. 
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Anaconda Die Pressed Brass Forging after machining, ready for assembly in the gas-pressure regulator shown below. 


Better regulators at less cost—with die pressed forgings 


Save 25% in first cost—cut machining time, tool cost 


Smith Welding Equipment Corp. of 
Minneapolis uses Anaconda Die 
Pressed Brass Forgings for gas-press- 


Smith’s two-stage oxygen regulator, 
Model H313. One of the Smith Welding 
Equipment Corp. products using Anaconda 
Die Pressed Brass Forgings. 


ure regulator bodies as a result of the 
following analysis of the job. 

First, die pressed forgings make a 
superior product because the twice- 
wrought metal has the uniformity, 
denseness, toughness, and strength to 
prevent gas leaks and to withstand 
pressures that run in excess of 2500 
psi. And second, the forgings do the 
job economically. The initial cost of 
the die pressed forging is 25 percent 
less than the cost of sand castings. In 
addition, savings are realized in sub- 
stantially reduced tool costs and ma- 
chining time. And finally, the forgings 
are finished in a simple bright-dipping 
operation, with savings Over sand cast- 
ings estimated at 5 cents a unit. 

SHORT CUTS: Anaconda Die Pressed 
Forgings are short cuts to superior 
products. Because of their high 
strength, hardness and resistance to 


impact, abrasion, and corrosion, they 
serve better functionally, often replac- 
ing more costly built-up assemblies of 
cast, stamped, drawn, or other ma- 
chined parts. Their consistent accuracy 
of dimension eliminates most surface 
machining to size, permits trouble-free 
use of drilling jigs, threading or mill- 
ing fixtures, broaching vises in second- 
ary operations. They are ideally suited 
to high-speed automatic chucking ma- 
chines. 

The die pressed forging technique is 
practically unlimited in diversity of 
shape and field of application. Special- 
ists at The American Brass Company 
will be glad to submit estimates on the 
cost of forgings for your critical com- 
ponents. Just submit a sketch or sam- 
ple of the part involved—or write for 
Publication B-9. Address: The Amer- 
ican Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda 
American Brass Limited, New Toron- 
to, Ontario. 5766 


ANACONDA copper ALLoy DIE PRESSED FORGINGS 
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Shert cuts to superior products 
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FIELD ARTILLERY GUIDED MISSILE for surface-to-surface operations is 
the Lacrosse for which the first production contract has been awarded to 
Glenn L. Martin Co. Lacrosse is an all-weather missile intended to supple- 
ment artillery and close-support aircraft. Lacrosse system components are 
the missile, a launcher on a standard Army truck, and a guidance system. 
In flight, Lacrosse is propelled by a solid-fuel rocket motor. Units armed 
with the missile will be able to respond to calls for fire as quickly as units 
having conventional artillery. Rate of fire will be like 105-mm howitzer. 





are engineering problems to solve, 
but we will have 52-in. high cars 
within 10 years.” 

With lower heights, it will be 
necessary to develop means of en- 
tering cars at least partially 
through the roof. This may be 
done by means of sliding roofs, 
tilting canopies or butterfly doors. 

Further horsepower’ increases 
are also in prospect, due to con- 
tinued demand for improved per- 
formance and power-using acces- 
sories such as_ air-conditioning. 
Today a full complement of acces- 
sories absorbs up to 45 hp. 

Mr. Raviolo predicted further 
important developments in the 
field of highway safety and acci- 
dent prevention. ‘Accident re- 
ports from the expressways and 
turnpikes point up the rear-end 
collision. As vehicle speeds in- 
crease, it becomes more difficult 
to judge the rate of approach to 
another vehicle. The _ ultimate 
answer will be a warning device 
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which will operate so as to allow 
for safe deceleration.” 

In the field of driver comfort, 
Mr. Raviolo envisaged a complete- 
ly air-conditioned car _ interior. 
“Heat will be added or removed as 
required, while clear, filtered air is 
evenly distributed to every part of 
the compartment. Windows will 
be normally sealed, provided with 
an emergency release. The win- 
dows can be made flush with the 
outer skin (exterior of the car) 
for smoother air flow and for sub- 
stantial noise reduction.” 

He predicted big changes in 
seats, such as ventilation through 
the seat material as a boon to 
summer drivers and passengers. 
Engine life, almost doubled in the 
past 10 years, will be extended 
even further. “I expect to see 
sealed transmissions and axles, 
and lifetime lubricated chassis 
components that would not be 
serviced except in the case of real 
failure.” 


Pill-Size Power Plant Is 
Smallest Commercial Battery 


Gold-Plated Unit Withstands 
Shock, Vibration, Acceleration 


NEw York, N. Y.—Significant de- 
velopments in miniaturization 
were increased recently with the 
announcement of the new Eveready 
W-307 energizer, a miniature dry 
battery said to be the smallest of 
its type ever mass-produced. First 
commercial application of the new 
battery is in the electric wrist 
watch recently announced by Ham- 
ilton Watch Co. 

Weighing only 0.05-0z, the ener- 
gizer is 0.44-in. in diameter and 
only \%-in. thick. It is made ex- 
clusively of nonmagnetic materials, 
and occupies a volume of 0.31-cc. 

The battery has a nominal rat- 
ing of 1.5 v and it provides a total 
of 60 ma-hr down to a cutoff of 
1.3 v. Top recommended average 
current drain is 60 ma or less. 

The energizer is designed to with- 
stand shock, vibration, and acceler- 


ation, and is gold-plated for good 
electrical contact. It employs the 
standard dry-battery ingredients, 
but in a highly refined form. The 
case is positive and the zinc elec- 
trode is negative. 

For comparison with other pow- 
er sources, the new energizer could 
be rated 0.1-whr. It will produce 
14-hp for one second. 


Structural drafting is the sub- 
ject of a proposed American Stand- 
ard currently being circulated for 
criticism and comment. The pro- 
posed standard is section 14 of the 
American Drafting Standards Man- 
ual. Structure, according to the 
standard, is an assembly of fixed 
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ALL BEARINGS 


on guard 
against dirt and wear! 
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The unique design of the Sentri-Seal gives optimum pro- 

tection against dirt, and includes a number of other 

major advantages. 

Sentri-Seals can be removed, easily replaced. As the seal 

is of synthetic rubber in which two metal rings are 

embedded, a constant-rate spring is created between the 
The diagram shows in section rings. Inherent flexibility prevents distortion of the bear- 
ing outer ring due to seal insertion, permitting the use of 
bearings to the higher accuracy specifications. The spring 
action maintains an efficient sealing contact with the 
ground simultaneously with the bearing ring to bar dirt and retain lubricant. Sentri-Seals 
ball race, giving an extremely are relatively inert to oils and greases and operate satis- 
high degree of concentricity factorily through a temperature range of — 40°F. to 225°F. 
Specifications available for stili higher temperatures. In 
applications where relubrication is desired, it is easily 
accomplished by the injection method. 


the New Departure Sentri-Seal. 


Lip-contacting surfaces are form- 


between sealing surfaces and 





the raceway. 


ONE SENTRI-SEAL SEAL AND SHIELD SEAL AND SNAP RING TWO SEALS AND SNAP RING SEAL, SHIELD AND SNAP RING 


Sentri-Seal is available for a range of sizes in single-row, standard-width 
bearings and also in two types of New Departure adapter bearings. Sizes, 


SEE “WIDE WIDE WORLD” SUNDAYS—NBC-TV dimensions and capacities are listed in the latest New Departure catalog. 
Write for full details on Sentri-Seal 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 
NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN. 
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parts which support or enclose a 
machine, or which constitute a 
composite permanent subassembly 
of a piece of mechanical or elec- 
trical equipment. The standard 
covers terminology and symbols 
for riveting, welding, brazing and 
‘oldering. It also covers designa- 
.ons for materials, heat treatment 
and commerical structural shapes. 
Free copies of the proposed stand- 
ard can be obtained from Frank 
Philippbar, Standards Dept., Amer- 
ican Society of Mechanical Engi- 
neers, 29 West 39th St., New York 
18, N. Y. 








BIG ONES WON’T GET AWAY 
—big batches of molten steel, that 
is. This is one of two hooks for 
the world’s largest ladle crane, ca- 
pacity 500 tons, built by Morgan 
Engineering Co. for an eastern steel 
mill. The new crane weighs 1,- 
841,000 Ib without cradle and hot 
metal. It is driven by 11 electric 
motors of 1658 total hp, and it 
carries 1 2/3 miles of steel cable. 
Operator’s cage, which also en- 
closes automatic control apparatus, 
is as big as a five-room house. 
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POD CARRIER is now seen to be one of the functions of the Convair 
B-58 Hustler. Here, for the first time, underslung cargo is shown on the 
first U.S. supersonic bomber. Hustler has been given stilt-like landing 
gear especially to accommodate detachable pods. Variety of these attach- 
ments enables the B-58 to perform a corresponding variety of missions. 





ae . 
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MORTAR SPOTTER, designated AN/MPQ-4, uses radar and a portable 
computer to trace mortar projectiles back to their source. Experimental 
model developed at Army Signal Corps Laboratory has longer range than 
any known mortar. It is more compact than Korean-war spotter, and faster- 
operating due to use of new beam technique. From radar observations of 
mortar shell in characteristic high-trajectory flight, computer rapidly cal- 
culates location of the source of the fire. For safety of operators, the con- 
sole can be set up 150 yd from the main equipment. 
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TORRINGTON SPHERICAL ROLLER BEARINGS 





This bearing can take thrust, too! 


Design is the secret. TORRINGTON Spherical Roller Bearings 
are made with an integral center flange on the inner race. This 
assures positive radial stability and accurate positioning of rollers 
wherever high radial load and heavy thrust are encountered under 
conditions of misalignment. 

From crushers to cranes, power shovels to pulverizers, you get 
long, maintenance-free operation, better performance in your equip- 
ment, more value from your bearing dollar when you specify these 
rugged dependable bearings. 

Prove to yourself that TORRINGTON design does make a difference. 
Next time specify TORRINGTON Spherical Roller Bearings. 
They’re available with either straight or tapered bore, for shaft or 
adapter mounting. 
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THE TORRINGTON COMPANY 


South Bend 21, Ind. 7 Torrington, Conn. 


District offices and distributors in principal cities of 
United States and Canada 


TORRINGTON 
BEARINGS 


Spherical Roller +* Tapered Roller + Cylindrical Roller 
Needle + Ball + Needle Rollers 
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AIR FORCE RASCAL, formally designated GAM-63, 
is this long-range, rocket-powered, guided missile de- 
signed for air-to-surface use. Bombers carry Rascal to 
high altitude release point. From there it travels alone 


at supersonic speed to target, miles distant, while car- 
rier returns home. Bell Aircraft is prime contractor for 
the Rascal weapons system, including handling and 
loading carriage, shown, guidance system and engine. 





New Tungsten Alloys Seen for 
High-Temperature Applications 


Jet Aircraft to Need More 
Refractory Transition Metals 


New ORLEANS, LA.—New high- 
temperature alloys must be devel- 
oped if current trends toward high- 
er operating temperatures are to 
be maintained in many fields of 
technologv. This was the recent 
observation of R. H. Thielemann, 


new materials must be far better 
than any known today, he said, 
and tungsten-base alloys may be 
the answer. 

The situation with regard to ma- 
terials is particularly critical due 
to requirements in the fields of nu- 
clear power and gas turbine en- 
gines for jet aircraft. In these 
applications, materials must op- 
erate in the temperature range of 
1000 F to 2500 F. 

Mr. Thielemann emphasized that 


resistance and strength beyond 
1650 F. Alloys now in extensive 
use become marginal risks and 
metallurgically unstable at tem- 
peratures above 1650 F. 

Eighteen metals have higher 
melting points than those of iron, 
nickel and cobalt. Of these, only 
four have significantly higher 
melting points and are available 
in sufficient quantities to be con- 
sidered for the applications in- 
tended. These four are the re- 


chairman, Dept. of Metallurgy, 
Stanford Research Institute. The 


superalloys to meet the new re- 
quirements must have oxidation 


fractory transition metals—colum- 
bium, molybdenum, tantalum and 





LIVE-BOTTOM TRAILER LINER, key equipment in 
Trailer-Bak transport system, speeds up shipment of 
6-0oz size cans from fabricator to fruit juice concen- 
trate plant. Removable, reusable liner is jumble-loaded, 
then slid into truck and out again at destination. Liner 
may also be loaded. while in the trailer, through 
hatches in truck roof. Slatted Link-Belt conveyor, right, 
travels at 12.8 fpm to form gentle moving platform 
and liner bottom. The “live bottom” stands 8-1/6-in. 
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high except for motor, can be removed readily to 
convert trailer to conventional transporter. 
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tungsten. All four may prove to 
be important in developing alloys 
for service at temperatures above 
1800 F, but tungsten, he said, ap- 
pears to hold the most promise. 
This is due to its high melting 
point, high modulus of elasticity 
and high recrystallization temper- 
ature. 

According to Mr. Thielemann, 
there are good future possibilities 
for tungsten, both as an alloying 
addition and as a base material. 
There is a sufficient supply of 
tungsten to justify its use in fairly 
substantial applications, and tung- 
sten is relatively inexpensive com- 
pared to several of the new struc- 
tural metals. 

The development of new high- 
temperature alloys based on the 
high melting point refractory met- 
als will be expensive, and there 
will be many difficult problems to 
solve, but the stakes are high. A 
suitable turbine blade material for 
jet engines would not only permit 
increased performance and effi- 
ciency but would be valuable from 
the standpoint of blade replace- 
ment cost alone. 


Fourth Mechanisms Conference 
Now Scheduled for October 


CLEVELAND, O. — Dates for the 
Fourth Mechanisms Conference an- 
nounced in MACHINE DESIGN two 
weeks ago have been changed from 
May 16 and 17, to Monday and 
Tuesday, October 14 and 15. 

The Conference planners find 
their original dates too close to 
the 1957 Design Engineering Show 
and Conference in New York’s 
Coliseum, May 20—23. The change 
is intended to give more designers 
and engineers the opportunity to 
attend both functions. 


Rising Starter Rates To Fix 
Experienced Engineers’ Raises 


“Them As Has, Gits’” Also 
Sought by Aircraft Union 


SEATTLE, WASH.—Salary increases 
for experienced engineers at Boe- 
ing Airplane Co. will be established 
by the free market price for be- 
(Continued on Page 22) 
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DIRECTLY APPLY 
VARIABLE SPEEDS 


WITH 


LEWELLEN 
PULLEYS 


Curlator Corp., builders of paper 
and textile machinery, variably 
power their Rando Feeder and 
Webber, using both the Lew- 
ellen Variable Pulley and the 
Lewellen Combination Pulleys. 


Lewellen Pulleys mount at motor and machine shafts— 
directly connect—variably power the equipment. 

Handwheel provides infinitely adjustable operating 
speeds. 

Lewellen Pulleys, applied singly or in pairs, offer wide 
selection of operating speeds and center distances, in 
ratings to 15 h.p 

Lewellen Pulleys are versatile power components— 
perform smoothly and dependably—operate in any posi- 
tion—require no supporting brackets—impose no thrust 
loads on motor or machine shafts—include convenient 
controls and accessories. 


WRITE FOR CATALOG NO. 608 


LEWELLEN 


MANUFACTURING CO., COLUMBUS, IND. 


Circle 411 on page 19 


Distributors in All industrial Areas © in Canada—Peerless Engineering Sales Ltd., Toronto-Montreal 
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BEST PROTECTION YET 
for Ball Bearings 
exposed to 


FAFNIR 

Wide Inner Ring 

Ball Bearings with ~~ 
Plya-Seals (contact type) 


FEATURES 


- Plya-Seal of resilient Buna N rubber-coated 
fabric insuring proper “follow-up” contact 

- Seal rides in firm contact on ground outside 
diameter of inner ring 

« Close-clearance of inside metal shield with 
outside diameter of inner ring provides 
rigid support for seal 

- Flared lip of Plya-Seal won’t push in 

- Generous space for lubricant 

- Wide inner ring for extra shaft support 

- Fafnir-originated self-locking, 
eccentric-cam-design collar 

- Relubricatable 


Pd 


On slow to moderate speed applications where service 
conditions are subject to excessive contamination, Fafnir 
Plya-Seal equipped Wide Inner Ring Ball Bearings fill a 
definite need. Their laboratory and field-tested perform- 
ance offers the proven protection of contact-type Plya- 
Seals. They provide every advantage of Fafnir Wide 
Inner Ring Ball Bearings with Self-Locking Collars .. . 
ease of application, positive locking, extra large support 
area on the shaft, relubricatable or nonrelubricatable, 
seif-alignments. 


The Plya-Seal as incorporated in the Fafnir Wide Inner 


FAFNiIR WIDE INNER RING BALL BEARING WITH 
PLYA-SEALS AVAILABLE IN UNITS BELOW 


Flangette 


Circle 412 on page 19 


Ring Bearing consists of two steel plates between which 
is sandwiched a synthetic rubber-coated fabric sealing 
washer. Both steel plates are fixed securely in an outer 
ring groove. The inner plate provides a rigid backing for 
the seal and a close-clearance baffle for the retention 
of grease. 


This recent addition to the Fafnir Line is dimensionally 
interchangeable with the Fafnir Wide Inner Ring Ball 
Bearings equipped with Mechani-Seals. All types are pre- 
lubricated at the factory. Write for descriptive bulletin. 
The Fafnir Bearing Company, New Britain, Connecticut. 


FAFNIR 


BALL BEARINGS 


Cea 
MOST COMPLETE ‘ LINE IN AMERICA 
oY 
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Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Accelerometer, Edit. 230 

Actuators, Adv. 51 

Adhesives, Adv. 103 

Agricultural equipment, Edit. 159 
Aluminum and alloys, Adv. 75, 94, 208 
Amplifiers, Edit. 253 

Automobile development, Edit. 8 
Axles, Adv. 30, 34 


Ball joints, Edit. 202 

Batteries, miniature, Edit. 10 

Bearing materials, Adv. 287 

Bearings, ball, Adv. 11, 16, 21, 58, 275 
5 


. 282 
roller, Adv. 13, 21, 53, 88, 194, back 
cover 
sleeve, Adv. 28, 36, 80, 188, 282 
thrust, Adv. 53 
Belts, gg ge Adv. inside front 
1 


Books, Edit. 270 

Brass (see Copper and alloys) 
Brazing, induction, Edit. 150 
Bronze (see Copper and alloys) 
Brushes, commutator, Adv. 182 
Burr removal, Adv. 185 
Bushings, Adv. 188 


Cable, delay, Edit. 204 
Capacitors, Edit. 201 
Carbides, cemented, Adv. 196 
Carbon and — parts, Adv. 28 
Casters, Edit. 244 
Castings, centrifugal, Adv. 273 
die, Adv. 62 
investment, Adv. 193 
iron, Adv. 184, 237 
steel, Adv. 59, 104, 257 
transmission, Adv. 197, 240, 
286 


Circuit breakers, Adv. 269 

Circuits, printed, three dimensional, 
Edit. 118 

Clamps, Edit. 190; Adv. 258 

Classified ads, Adv. 277, 290, 291, 295 

Clutches, Edit. 207; Adv. 221 

Coatings, protective, Edit. 172, 204; 


Adv. 72 
Cold heading, Adv. 192, 222 


Compressors, Adv. 286 
Computer components, Edit. 224 
rs, -spring, Edit. 278 
electric, Edit. 186, 210 
Contactors, Adv. 288 
Contacts, Adv. 182 
Control systems, electric, Adv. 106 
Controls, automatic, Edit. 258 
electric, Edit. 213, 247, 258; Adv. 
4, 25, 233, 263 
pneumatic, Edit. 224 
Copper and alloys, Edit. 244; Adv. 9, 
87, 188 
Corner angles, Edit. 165 
Counters, Edit. 213 
Couplings, shaft, Adv. 221, 236, 290 
Cutting, flame, Adv. 50 
Cylinders, hydraulic, Adv. 7, 65, 256 
—— Edit. 221, 227; Adv. 7, 


Diodes, Edit. 218 

Divider, flow, Edit. 230 

Domestic equipment, Edit. 158 
Drafting, efficient, Edit. 112 
— equipment, Adv. 24, 27, 171, 


Drives, adjustable speed, Edit. 236; 
Adv. 33, 43, 102, 214 


Electric equipment (see specific type) 
Engineering department (see Draft- 


ing) 
Engines, Edit. 222; Adv. 279 
Extrusion, Adv. 75 


Facilities, general, Adv. 58, 208, 242 
Fasteners, Edit. 120; Adv. 284 
bolts, nuts, screws, Edit. 210; Adv. 
44, 64, 192, 224, 230, 261, 283, 
289, 292 
locking, Adv. 64 
pin, Adv. 241, 282 
Fatigue loading, Edit. 154 
Feeders, parts, Adv. 190 
Felt, Adv. 265 
Filters, Adv. 42, 250, 272, 274 
Finishes (see Coatings) 
Fire detectors, Edit. 250 
Fittings, pipe, tube - hose, Edit. 
197; Adv. 60, 74, 


Fluids, hydraulic, Adv. 46, 89 


Forgings, Adv. 9, 245 
Friction materials, Adv. 225 


Gages, pressure, etc., (see Instru- 
ments) 

Gaging equipment, Adv. 188 

Gaskets, Adv. 45, 54 

Gear shaping, Adv. 73 

Gears, Edit. 119; Adv. 2, 31, 61, 66, 
224, 238, 253, 276, 288 

Generators, ultrasonic, Edit. 188 


Handles, Edit. 197 

Head shapes, Adv. 98 

Heaters, Adv. 230, 254 

Heating, induction, Adv. 280 

Hose, metallic, Adv. 97, 286 
nonmetallic, Adv. 60 

Hydraulic equipment (see specific 

type) 


Induction brazing, Edit. 150 
Instruments, Edit. 257 
Insulation, Edit. 186; Adv. 249 


Lubricants, "Adv. 89 
Lubrication equipment, Adv. 1, 92, 
205 250 


Machines (see specific type) 
Magnesium and alloys, Adv. 26 
Meetings, Edit. 5, 15, 30 
Metals (see also specific type) 
Metals, Edit. 193; Adv. 87, 217 
Motors, electric: 
fractional and integral hp, Edit. 
216; Adv. 37, 69, 70, 207, 228, 
239, 247, 260 
otors, Edit. 121, 198; Adv. 
68, 83, 108, 226, 251, 272, inside 
back cover 
subfractional hp, Edit. 198; Adv. 
96, 255 
Motors, hydraulic, Edit. 159 
pneumatic, Adv. 246, 262 
torque, Edit. 234, 280 
Mountings, instrument, Edit. 216 
Mountings, vibration and shock, Edit. 
196; Adv. 202 


Nameplates, Edit. 241 
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Packings, Adv. 46, 54, 232 

Plastic, magnetic, Edit. 190 

Plastics, Edit. 221, 234, 241; Adv. 67, 
85, 249, 266 

Pneumatic equipment (see specific 


type) 
Potentiometers, Edit. 248 
Powder metallurgy, Edit. 227; Adv. 80 
Power pickup, Hdit. 193 
Pumps, Edit. 232, 247; Adv. 270, 281 
hydraulic, Adv. 100, 201, 204 


Reducers, speed, Edit. 121; Adv. 48, 
66, 68, 79, 83, 216, 218, 220, 226, 
231, 234, 248, 259 

Regulators, pressure, Adv. 250 

Relays, Edit. 221; Adv. 176, 211, 223 


Roll-forming, Adv. 32, 199 
Rubber, Edit. 250; Adv. 203, 289 
Rubber molding, Adv. 283 


Screws, power, Adv. 51 
Seals, Edit. 120; Adv. 54, 285 
mechanical, Adv. 57, 227, 252 
Servos, Edit. 160, 232, 248 
Shafts, Adv. 82 
flexible, Adv. 268 
Silicones, Edit. 250; Adv. 289 
Small parts, Adv. 283 
Solenoids, Edit. 222 
Spindles, Adv. 30, 56 
Splines, ball-bearing, Adv. 51 
Springs, Edit. 172; Adv. 99 
Sprockets, Adv. 286 
Starters, motor, Adv. 4 
Steel, Adv. 23, 84, 98, 107, 245 
stainless, Adv. 49, 187 
Stud welding, Adv. 284 
Switches, Edit. 221, 238; Adv. 25, 105, 


Systems, pneumatic, Adv. 213 


Terminals, Edit. 188, 202 

Testing, Edit. 254 

Thermostats, Edit. 248; Adv. 200 

Timers, Edit. 221; Adv. 96, 176 

Titanium and alloys, Edit. 167, 227; 
Adv. 26 

—— converters, Edit. 119; Adv. 34, 


.._- adjustable speed, Adv. 

15, 34, 90, 106, 214, 254, 284 
Tubing, Adv. 180, 206, 271 
Tungsten, Edit. 14 


Universal joints, Adv. 82 


Valves, Edit. - 196, 207, 278; Adv. 
278, 282, 
hydraulic, ‘oat 201; Adv. 7, 204 
pneumatic, Adv. 7, 29 
Vibration absorber, torsional, Edit. 
280 


Wear-resistant alloys, Adv. 288 

Welding, Edit. 24; Adv. 52, 173 

Wheels, Edit. 186, 197, 198; Adv. 30 

Wire and wire products, Bait. 186, 
236; Adv. 198, 210 


Zine and alloys, Adv. 110 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Ifem Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers, 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long os the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 
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Rings 
Encapsulation Techniques ...... 
Hydraulic Check Valve ........- 
Corrosion Resistant Treatment .. 
Wear Resistant Carbide 
Metal Forming 
Stocked Blectric Motors ......++seeess 
Oil-Hydraulic Equipment ........ 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 186 


Load 

Miniature AC Motors ....sesceseeeees 
Check Valve 

Miniature Capacitors 

Subminiature 


Miniature Cluteh 
Solenoid Valve . 
Safelock Receptacles 


ckup 
Pickup Control Unit 
Induction Motors 


Nonoverloading Amplifier 
Temperature Test Chamber 
Ratio Plotter . oeveces 
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Double-Row Angular Contact Bal! 
_~ Bearings 47.000 x 56.500 x 6.500 


Here are the bearings that ‘‘couldn’t 
be built’. . . as produced by Kaydon 


HE manufacturer who wanted these bearings 
had been told they “couldn’t be built.” Or at 
least that’s what he’d been told until he contacted 
KAYDON. What he required was a bearing 56/2” in Bale 
diameter combining high capacity, and excep- : 

tional precision for concentricity and face runout mK ‘| 
tira? 





CROSS SECTION — The bearing that 
couldn’t be built 


BEARIN 6.5000 





yy 


that would fit in limited space. y, 
| 


KAYDON designed a double-row angular contact (A Ac 
ball bearing (see sketch at right). Actual tests ‘f/f 


have proved that the bearing fulfills every re- cy 





V4 


4 
A 


quirement. 

If your designs require bearings of exceptional 4 No: y 
capacity, close-tolerance precision and/or very LZ LA. 
thin section — it will pay you to contact KAYDON of 
Muskegon. KAYDON has a long-standing reputation 


for accomplishing the near impossible. 





Y 


) 
y, vs 


/ 
oct 














Just Out! Get your copy of the new KAYDON 
Reali-Slim thin bearing catalog No, 54. 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
® Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 

ENGINEFERIN G CORP. 


K543 





MUSKEGONeMICHICAN 
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ACCURATE POSITIONING, within 0.0001-in. or 5 
seconds of arc, is claimed for this numerical control sys- 
tem developed by Pratt & Whitney Co. for its jig borers, 
vertical hole grinders and rotary tables. P&W Electro- 
limit measuring system assuzes the stated accuracy. Ma- 
chine operations are controlled by punched paper tape 
in which decimal data are posted directly, without “‘trans- 
lation” required by systems based on binary numbers. 
Tape reader in the P&W system uses pneumatic sensing. 
Air is forced through the tape holes to an enlarged 
chamber fitted with a neoprene diaphragm which in turn 
operates limit switches. To assure accuracy of spacing 
in the tape, data is punched in while tape moves at uni- 
form speed. Punch unit has moving carriage. 














LARGEST, MOST VERSATILE of type is claimed 
for this floor-type horizontal boring, drilling and 
milling machine recently announced by Giddings & 
Lewis Machine Tool Co. It weighs 200 tons, is 27 
ft high, has spindles of 10, 12 or 14-in. diam. 
Under-arm box beam, 18-in. square, mounts heavy 
accessories like 2-ton 90-degree angular miller. 
Welded column of corrugated rib construction sup- 
ports 42-ton headstock. Speed drive gears and heli- 
cal bull gear in the headstock can transmit 15 hp 
per revolution. Milling feeds to the column and 
headstock vary from 0.5-in. to 120 in. per minute 
over four gear ranges. 





(Continued from Page 15) 
ginning engineers if Boeing man- 
agement accepts a recent proposal 
of the Seattle Professional Engi- 
neering Employees’ Association. 
The plan would automatically in- 
crease the salaries of all Boeing 
engineers by the same per cent 
that salaries accepted by begin- 
ning engineers had increased dur- 
ing the last year. This would elim- 
inate salary “leveling’’ for all Boe- 
ing engineers. 

Salary “leveling’’ occurs when a 
company raises its hiring salaries 
for beginning engineers without 
proportionally increasing the sal- 
aries of its experienced engineers. 
The new plan may be the first 
proposal of its kind to be made 


22 


to an employer of engineers. A 
novel feature is that the Associa- 
tion’s members will be asked to 
approve the contract without know- 
ing the amount of increase. 

In addition to the plan for auto- 
matic raises, the Association seeks 
a salary unleveling increase and 
the establishment of a Profession- 
al Experience Register. The salary 
unleveling increase would result in 
a higher percentage increase for 
the higher salaried engineers. 

The Professional Experience 
Register would be created by mak- 
ing a detailed inventory of the 
experience, capabilities, and prefer- 
ences of Boeing engineers. When- 
ever the company required an en- 
gineer for a particular job, a 


search of the Register would re- 
veal those having the necessary 
qualifications. The engineer finally 
assigned the job would be selected 
on an individual basis as at pres- 
ent. The Register would simply 
provide a means to insure that no 
qualified engineer is overlooked. 


Range Test Radar System 
Tracks Missiles, Plots Course 


NEw York, N. Y.—A new instru- 
mentation radar system developed 
by RCA now makes possible direct 
calibration and immediate evalu- 
ation of the performance and be- 
havior pattern of guided missiles. 
The system can also be assigned 
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LINE OF LEADED STEELS 


Copperweld offers the most 
complete line of leaded alloy and 
carbon steels available today. Leaded 
steels give you faster feeds and 
speeds, saving of tool costs, and finer 
finishes that often eliminate a final 
machining operation. Here’s a 
partial list of some of the most 
popular leaded steels available 
through Copperweld: 


Ledloy*A A-4142 A-5140 
C-1040 A-4145 A-5150 
C-1041 A-4147 A-8620 
C-1045 A-4150 A-8622 
C-1050 A-4620 A-8640 
C-1137 A-4640 A-8642 
C-1141 A-4720 A-8645 
C-1146 A-5046 A-8647 
C-1153 A-5117  A-8650 
A-4140 A-5120 E-52100 
NITRALLOY G MODIFIED 


*inland Ledloy License 


‘ARISTOLOY 
STEELS 


COPPERWELD 
STEEL COMPANY 


Steel Division ? Warren, Ohio 


EXPORT: Copperweld Stee! international Co. 
22S Broadway, New York 7, N.Y. 
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ENGINEERING 


assistant available | 


His name is STANPAT, and though he is not human he can swallow 
up your tedious re-drawing and re-lettering of standard and repetitive 
blueprint items for 24 hours a day if need be — without tiring. 
STANPAT is the remarkable tri-acetate sheet that is pre-printed with 
your specification and revision boxes, standard symbols, sub-assem- 
blies, components and cross-sections . . . with adhesive front or back, 
waiting to be pressed into position in 15 seconds! Reproductions are 
unusually crisp and clear, guaranteed not to wrinkle, dry out or come 
off. STANPAT saves hundreds of hours in drafting time and money, 
allowing the engineer more time for creative work. 









gidy employed in numerous firms, STANPAT can go to work 
po! Send us your drawing details now for quotation and free 
gation. 


“$O SIMPLE TO USE: 






PEEL the tri-acetate 
adhesive from its 


/ backing. 









PLACE the tri-acetate 
in position on the 















® PRESS into position, 
will not wrinkle or 
come off. 


E 
' 


_ STANPAT CO. 
Whitestone 


57, N. Y., U.S.A. 









STANPAT CO., Whitestone 57, New York, N. Y., U. $A. 


Phane: Flushing 9-1693-1611 





[) Please quote on-enclosed samples [_] Kindly send me STANPAT literature and samples 
MD3 
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to plot performance of satellite, 
drone, and other free-space mov- 
ing targets. 

It is capable of tracking with 
accuracy over extended ranges, in 
darkness, through clouds, and un- 
der any atmospheric conditions. 
Data accumulated can be reduced 
almost instantly to final form. 
Prior to the RCA development, 
these data had been obtained by 
optical devices, radio triangulation 
systems, and modified radar equip- 
ment. Moreover, the data reduc- 
tion methods dictated by these de- 
vices characteristically require 
months for computation. 

The instrumentation radar will 
be used to track targets with and 
without beacons and to produce 
spherical co-ordinate data outputs 
of high accuracy. This data will 
provide an instantaneous record of 
the trajectory of the targets. 


Common Steel Welds Now Made 
Faster, Across Gaps, Over Rust 


Gas Stream Shields Electrode, 
Carries Flux in New Welder 


PHILADELPHIA, PA. — Downhand 
welds with bare, common steel 
electrodes can now be made 50 to 
100 per cent faster than with cov- 
ered electrodes. Welds can also be 
made across gaps and along seams 
containing moderate amounts of 
rust, scale, and moisture without 
affecting the weld soundness. These 
are claimed capabilities of a new 
welding process, called Unionarc, 
recently announced by Linde Air 
Products Co. A continuously-fed 
wire electrode magnetically coated 
with flux and shielded in a gas at- 
mosphere is a feature of the new, 
manual, arc welding process. 

In Unionare welding, a bare wire 
electrode of common steel composi- 
tion is continuously fed from a 300- 
Ib capacity pack through a flexible 
tube to the torch. The operator 
starts and continues welding to 
suit his requirements. There is no 
frequent stopping to change elec- 
trodes nor a series of starts and 
stops in making a joint. The wire 
is supplied in a Pay-Off-Pak cov- 
ered to keep the wire clean. The 
pack is supported and rotated on 
a motor-driven turntable. The 
table is controlled so that wire 
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NEW PUSH-LITE* 
SAVES HALF 

THE SPACE 

AND REDUCES 
COST 

Using both a pushbutton and indicating 
light on one operation will soon be old- 
fashioned. In fact, it’s a waste of money 


and space because one new Push-Lite 
unit will do both jobs. 





Unionarc UAW-1 torch, inside the 
coil above, is rated 450 amp con- 
tinuous duty. The welding machine 


The new unique Push-Lite with its 
button-shaped plastic lens combines the 
functions of both a pushbutton and 


carries wire coiled in Pay-Off-Paks, ri 


¢ 


welding powder dispenser, gas regu- | / This space free for indicating light. One push transmits the 
i . 
lator, hose, motor to operate the | | other controls when appropriate signal and, at the same time, 


process, and process controls. \ Push-Lite is used. 
. 


tension at the feed rolls is mini- | 
mized. The large wire pack pro- | 


vides one week’s supply. 
Specially compounded magnetiz- 


[Weems WIRE 


FLUX AND GAS a 


FLUX ADHERES 
YO THE WIRE 
\ 


Welding wire in the Unionarc proc- 


ess is fed continuously to the weld | 
and is surrounded there by special, | 
magnetizable flux carried by the gas. | 
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energizes the indicating lamp. 

Push-Lites are liquid-tight as are other 
operators and lights in the Westinghouse 
Oil-Tite* pushbutton line. Precision- 
machined fits and neoprene seals will not 
allow liquids to reach electrical parts. 

For more information about Oil-Tite 
pushbuttons ask for the new booklet 
(B-7022) or the 72-page Pushbutton Guide 
(B-6749), a catalog of all Westinghouse 
pushbuttons. Write to Westinghouse 
Electric Corporation, P. 0. Box 868, 
Pittsburgh 30, Penna. or call your local 


° . . * 
Westinghouse distributor. ra g0259 


you CAN BE SURE... 1F ITS 


Westinghouse 
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Earth 
Satellite’s 
Magnesium 
Shell— 





i 





International News Photos 


—typical of 
B&P’s Skill 
in Fabrication 


To a skin of non-uniform thickness of 
0.015” to 0.030”, interior bracing must be 
welded or secured with screws. Weight- 
savings of fractions of ounces can be 
highly important. The outside, manufac- 
tured to a tolerance of four micro-inches, 
must be polished to an intense mirror 
brightness. 


Magnesium was chosen for the structural 
material. B&P was chosen to work out 
the complexities of the fabricating and 
finishing operations and build the spheres 
. .. Whenever you are faced with a diffi- 
cult or delicate operation-problem in Mag- 
nesium or Titanium, a talk with B&P 
engineers is well worth while. 


Engineering Facilities 
in Detroit and Los Angeles 


... Write for Titanium and Magnesium 
engineering data—also folder on B&P’s 
facilities to handle tough jobs. 


BROOKS & PERKINS, Inc. 


Magnesium-Titanium Facilities 
Magnesium and Boral Sheet and Plate 


1940 West Fort St. 
Detroit 16, Mich. 
Phone: TAshmoo 5-5900 


IN LOS ANGELES: 
11655 VanOwen St. 
North Hollywood, Cal. 
Phone: STanley 7-9665 





56-B 
OFFICES IN NEW YORK, WASHINGTON, DALLAS 
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RETRACTABLE HYDROFOILS lift this 1514-ft boat out of the water at 
15 mph. On the hydrofoils, boat speed is doubled. At 30 mph, the hydro- 
foils carry 850 lb in addition to more than 500 lb for the boat. For land 
transport, hydrofoils swing into the boat. First boat thus equipped is Run- 
about by Gruman Boats Inc. Dynamic Developments Inc. designed the 
hydrofoils, made them of Bakelite epoxy resin, glass-cloth reinforced. 





able flux is placed in a dispenser 
and fed from this point through a 
flexible tube to the torch. The dis- 
penser is designed to measure ex- 
actly the amount of flux in propor- 
tion to the amount of wire that is 
being fed. The dispenser can be 
adjusted to feed different flux-to- 
wire ratios, but the usual ratio is 
between 34 to 14 lb of flux per Ib 
of wire. This predetermined ratio 
is automatically maintained regard- 
less of the rate of wire feed. 
The magnetic field created by the 
electric current passing through the 
wire magnetizes and attracts the 
flux to the wire. The welding 
current is supplied by a direct 


current power source. A constant 
potential rectifier can be used with 
the added advantage of assuring 
easy and uniform starting and 
control of are length. 


Engineering graphics is now a 
recognized field of postgraduate 
study. The first master’s degree 
in engineering graphics has been 
awarded to Edward V. Mochel at 
Illinois Institute of Technology. 
The degree is designed to qualify 
teachers in the subject at college 
level. The curriculum is based on 
a hackground in drawing, basic 
science, engineering and educa- 
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Right Now Is the Time to 
Eliminate Haphazard Filing, 
Save Time and Space with a 


Hamilton UnitSystem! 


The boom in production means more pressure for 
drafting room output . . . more pressure on you for 
filing time and space. Right now is the time to replace 
those old, inadequate files you’ve been putting up 
with—now’s the time to get a modern Hamilton Unit- 
System from Bruning. 


With UnitSystem, you file drawings and records in 
units especially designed for them by size and fre- 
quency of use. Drawings are easier to file and find, 
which saves time. UnitSystem’s interlocking feature 
lets you combine exactly the units you need—in higher 
stacks—which saves space. It lets you expand your fil- 
ing set-up gradually, efficiently, and economically. 


One unit (A) has five deep drawers to provide ideal 
storage for semi-active or inactive drawings and 
records. Shallow-Drawer Unit (B) with special tracing 
lifters makes any active tracing easily accessible with- 
out risk of damage to companion tracings. Vertical 
Filing Units (C-D) with index binders and compres- 
sors keep active small sheets upright without wrinkling. 


Act now to gear your filing to the growing demands 
of the production boom. Mail coupon today. 


America’s Leading Supplier of Engineering and Drafting Equipment 


(BRUNING ) 


Offices in 37 Cities of the U.S. and Canada 








Charles Bruning Company, Inc., Dept. 34-K 
4700 Montrose Avenue, Chicago 41, Illinois 


(C Please send me information on Hamilton UnitSystem. 


(0 Send me information on the Bruning-Hamilton free analysis 
and planning service. 


Name Title 








File units for roll tracings are available. Individual 
trays protect each roll from dirt, tearing, and crushing. 


CHARLES BRUNING COMPANY, INC. - CHICAGO 


In Conada: Charles Bruning Co. (Canada) Ltd., 105 Church St., Toronto 1, Ont. 


c 
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Solve difficult 
lubrication problems... 


PERMANENTLY! 


=-with 


morganite 


SELF LUBRICATING.- 
BEARINGS 


¢ REQUIRE NO 
OIL OR GREASE 


e ARE NON- 
CONTAMINATING 


@ FUNCTION IN HIGH 
TEMPERATURES 


@ OFFER IMMUNITY 
TO CORROSION 


Morganite Bearings with “built-in” lubrication offer a 
dependable solution to lubrication problems in aircraft fuel 
pumps and meters. In boiler, furnace or oven equipment they 
operate at full efficiency in high temperatures. They are ideal 
for sealed mechanisms or where inaccessibility makes ordinary 
methods of lubrication impractical. Morganite is non-corrosive, 
functions smoothly and efficiently when immersed in water, acids 
or alkalies, 


Simplify Design with Morganite — Self-lubricating valves, 
slides, seal noses, rotary vanes, gland and piston rings, pump 
vanes and other parts are available to specifications. Write to 
Morganite for engineering data and recommendations on your 
particular requirements. 


OVEN HALF BEARING 


BEARING SEAL 
Long Island City 1 


4 New York 


INCORPORATED 
I Bl --: FoR over 
HALF A CENTURY 


Manufacturers of Fine Carbon Graphite Products including Carbon Specialties, Motor 
and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts 
Distributors of 99.7% Pure Al203 Tubes and Crucibles 


CAM THRUST 


GENERAL PURPOSE 
BEARING BEARING 


3314 48th Avenue 
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tion. At the present, Illinois Tech 
is the only school offering the de- 
gree. A similar program at IIli- 
nois leads to a B.S. in engineering 
graphics and is intended to qualify 
graphics teachers at the high 
school level. 





STUBBIER LIFTER, Automatic 
Transportation Company’s revised 
Docker, is now 6 in. shorter due to 
use of thinner batteries. Overall 
length is 4754 in. from heel of forks 
to end. Turning radius is 491/, in.; 
lifting height, 135 in.; traveling 
speed, 5 mph. A 6-ft operator on the 
Docker clears standard box-car door. 





Air Arms Technology to Make 
Space Travel Possible Soon 


Problems Are Man, Himself; 
Travel Through Atmospheres 


SAN DriEGo, CALIF.—Trips to the 
moon, and beyond, are no longer 
the exclusive province of science 
fiction. Serious consideration of 
such flights is well under way. 
This was evident at the first Na- 
tional Symposium on Space Flight 
attended recently by more than 
300 scientists and engineers. 

One session was addressed by 
Maj. Gen. Bernard A. Shriever, 
commander, Western Development 
Div., ARDC, USAF. Gen. Shriever 
revealed the extent to which the 
accomplishments in current defense 
project will be useful in space 
technology. 

“The same propulsive unit that 
boosts a heavy nose cone-warhead 
to 25,000 ft/sec, could boost a 


MACHINE DESIGN 





News Roundup 





somewhat lighter body to the es- 
cape velocity of 35,000 ft/sec or 
to an orbital path around the earth 
. ... The same guidance system 
that enables the warhead of a bal- 
listic missile to reach its target 
within a_ permissible accuracy 
would also be sufficiently accurate 
to hit a target much smaller than 
the moon... . These same pro- 
pulsive and guidance components 
could also be used for surface-to- 
surface transport vehicles of vari- 
ous sorts. I would guess that 90 
per cent of the unmanned follow-on 
projects that one could visualize 
for the future can be undertaken 
with propulsive guidance, and 
structural techniques, presently 
under development. 

“Tt will not be too difficult to 
extend these present developments 
to . . . space travel of personnel. 
However, . . . a tremendous amount 
of human factors research will be 
necessary. A specific example... 
is sustained thrust through space. 

“Perhaps . .. for all time, space 
technology will include as its most 
characteristic problem the need for 
going from the surface of one ter- 
restial body to another with suc- 
cessful passage through the at- 
mosphere of each. 

“A word is necessary on the re- 
lationship between military need 
and scientific feasibility in space 
technology .... Decades from now 
the important battles may not be 
sea battles or a’: battles, but space 
battles .... Our prestige as world 
leaders might well dictate that we 
undertake lunar expeditions and 
even interplanetary flight when 
the appropriate technological ad- 
vances have been made and the 
time is ripe.” 

The evolution of space vehicles 
will be a gradual process, with the 
first step being the unmanned, ar- 
tificial earth satellite and then per- 
haps unmanned exploratory flights 
to the moon or Mars. These flights 
would gather scientific data and 
accumulate information on space 
environmental conditions. The in- 
formation will lead to a better un- 
derstanding of our own planet, par- 
ticularly the movements of polar 
air masses, the course of jet 
streams and the earth’s magnetic 
field. 

Payload capability of a future 
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FOR MAXIMUM CAPACITY 
IN MINIMUM SPACE... 


4-WAY VALVE 


DOUBLE PILOT 
SUB-PLATE MOUNTED 


re W/L SLA 


MANIFOLD 


Over 


R 


MOUNT VALVE 


The Versa Manifold Valve has been especially de- 
signed for use where space is at a premium. 

All piping can be installed, connected to mani- 
fold plate and even purged before installation of 
the valve itself. The valve is then simply bolted 
into place on the manifold plate. The valve proper, 
being independent of the piping, can be easily 
removed for service or replacement without dis- 
connecting piping or disassembling the valve. 

Versa Control Valves are available with any type 
of actuating device in sizes from 4%” to 1” NPT, 
in 2-, 3-, 4-, and 5-way type, and for pressures 
from partial vacuum to 500 PSIG. 

All Versa Valves are triple pressure and function- 
ally tested under water for guaranteed leakproofness. 


V ariations 


Delivery! 


110,000 


eady for Immediate 





VERSA PRODUCTS COMPANY INC. 
247 SCHOLES STREET 
BROOKLYN 6, N. Y. 
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The entire line of 
VERSA valves is 
explained in our 
new comprehen- 
sive Folder =14 





DIVIDED WHEELS 


Generally used 
as dolly, tail 
or caster 
wheels 


FOR TRUCK TIRES 


Full drop center 
rim to utilize used 
truck tires on 
larger implements 


PLANTER WHEELS 


Steel rim 
or for use with 
planter rubber 
tires 


SIX BOLT SERIES 


Light and heavy 
—widest range of 
ey a 


Four bolt series for 
light implements 


E cc — Cae 
ei B 








SS c+ 


eS ——$ 








Hub and bearing combinations available. 
Stub spindles and full length axles. 


Oo” Engineers Ynwite 
Your Inquiries 
ELECTRIC WHEEL COMPANY 


2809 SPRUCE + QUINCY, ILLINOIS 





Circle 421 on page 19 


Engineering News Roundup 





satellite could be in the order of 
hundreds or even a_ thousand 
pounds. This would permit more 
instrumentation and many types of 
space experiments. 

“Given vehicles with these capa- 
bilities, . . . a lunar research ve- 
hicle is highly possible. It seems 
certain that in the not too distant 
future it will be tried.” 


AND EXPOSITIONS 


April 2-5— 

Society of Automotive Engineers 
Inc. Aeronautic Meeting and Pro- 
duction Forum and Aircraft Engi- 
neering Display to be held at the 
Hotel Commodore, New York. Fur- 
ther information is available from 
society headquarters, 29 W. 39th 
St., New York 18, N. Y. 


April 4-5— 

American Management Associa- 
tion. Research and Development 
Conference to be held at the Stat- 
ler Hotel, New York. Additional 
information can be obtained from 
association headquarters, 1515 
Broadway, New York 36, N. Y. 


April 7-10— 

American Society of Mechanical 
Engineers. Instruments and Regu- 
lators Conference to be held at 
Northwestern University, Chicago. 
Further information is available 
from ASME headquarters, 29 W. 
39th St., New York 18, N. Y. 


April 8-10— 

American Society of Mechanical 
Engineers. Spring Meeting to be 
held at the Hotel Dinkler-Tutwiler, 
Birmingham, Ala. Further in- 
formation is available from society 
headquarters, 29 W. 39th St., New 
York 18, N. Y. 


April 8-11— 

American Management Associa- 
tion. National Packaging Confer- 
ence and exposition to be held at 
the International Amphitheatre 
ana the Palmer -House, Chicago. 


Additional information can be ob- 
tained from association headquar- 
ters, 1515 Broadway, New York 
ee a 


April 9-10— 

Conference on Electronics in In- 
dustry to be held at Illinois Insti- 
tute of Technology, Chicago. Fur- 
ther information is available from 
conference secretary D. H. Thor- 
mahlen, Armour Research Founda- 
tion, 10 W. 35th St., Chicago 16, 
Ill. 


April 9-11— 

American Welding Society. Fifth 
Welding Show to be held at Con- 
vention Hall, Philadelphia. An- 
nual meeting and technical ses- 
sions of the AWS will be held at 
the Hotel Sheraton, April 8-12. 
Further information can be ob- 
tained from society headquarters, 
369 Lexington Ave., New York 17, 
W. Y. 


April 11— 

Association of Lift Truck and 
Portable Elevator Manufacturers. 
Spring Meeting to be held at the 
Edgewater Beach Hotel, Chicago. 
Further information can be ob- 
tained from association headquar- 
ters, Suite 759, 1 Gateway Center, 
Pittsburgh 22, Pa. 


April 15-17— 

American Society of Lubrication 
Engineers. 12th Annual Meeting 
to be held at the Sheraton Cadillac 
Hotel, Detroit. Additional informa- 
tion can be obtained from society 
headquarters, 84 E. Randolph St., 
Chicago 1, Ill. 


April 16-17— 

American Institute of Mining, 
Metallurgical and Petroleum En- 
gineers. Conference on High- 
Temperature Materials to be held 
at Hotel Carter, Cleveland. Fur- 
ther information is available from 
institute headquarters, 29 W. 39th 
St., New York 18, N. Y. 


April 23-24— 

American Institute of Electrical 
Engineers. Third Biennial Confer- 
ence on Electric Heating to be held 
at the Commodore Perry Hotel, 
Toledo, O. Additional information 
is available from institute head- 
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Helpful Data from 


DE LAVAL 





How to Calculate 
Worm Gear 


(Advertisement) 





Bearing Loads 


_ HP x 63025 
as 


1 


= TORQUE INPUT to worm, lbs. inches; HP = horse- 


power transmitted and N = rev. per min. of worm 


= 2 = TANGENTIAL FORCE of worm, where 


r, = Pitch radius of worm in inches 


[re = Pitch radius of worm gear 


= Pe. (number of teeth in gear x axial worm pitch)] 


VA 
us 


g = 2 'an@ _ sepaRATING FORCE, where 


tan y 
a = Axial tooth pressure angle* 
y = Helix or lead angle of worm* 


, Number of threads x axial worm pitch 





. lead 
an- , or tan- 


2ar1 
P 


2ar 


T fo * WORM THRUST, or tangent force driving worm gear 


tan 


* LEAD ANGLE 0°-35° use 2734° Pressure Angle 


LEAD ANGLE 35°-45° use 30° Pressure Angle 


BEARING LOADS 


Due to on Brg. I 
a 
r ih i ae P; 


S s Si 


a _— 
a+b 
Ti ie 
a+b Ur 
VP;? + (S: — U;)? 


T T 


Total Rad. 
Load 
Thrust Load 
Total Load VP;? + (S; — Uy? 
Due to on Brg. III 


P Poy 7 Um 
d 

S Sopa 7 Sm 
d 


c+d 








T T 
Total Rad. 


= Tin 


on Brg. II 

b 
a+b = Pu 
ae 08 
a+b 

tT 
a+b 
VPi? + (Sn + Un)? = Rn 
T 
on Brg. IV 


—— = Uy = Um 
c 


P 
S = Si 


T = Un = U; 





S ™ Siw 


“ 
Cc 
Toya7 





Load VT + (Urn — Sr)? 
Thrust Load 





VT w?+ (Siv + Un)? ‘sa Riv 
P 





Total Load 
Speed Change 


VT? + (Un — Sr)? 


VRiv? + P? 


Number of threads in worm 





Gear rpm = N 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 


* Number of teeth in gear 








Reproduced by courtesy of 
New Departure Division 
Genera! Motors C 


For simplicity in bearing 
load computations for worm 
ing, the normal tooth 
orce E is treated in terms 
of its three perpendicular 
elements, namely, P, the 
= driving force at 
pitch radius of worm; S, 
the force tending to separate 
worm from the gear, due to 
the pressure angle; and T, 
the thrust produced by 
the lead or helix angle of 
the worm. 


If you have a problem 
in the selection or 
application of worm gear- 
ing, De Laval engineers 
will -be glad to put their 
experience to work for 
you. Either write us 
giving complete details, 
or consult your local 

De Laval representative. 
De Laval Steam 

Turbine Company, 

858 Nottingham Way, 
Trenton 2, New Jersey 





More economy for you... 


Roll Formed Shapes cost less to use because they’re accurately formed, 
pierced, notched, embossed and cut to length in one continuous operation. 
You get them on time ready to use. Roll Formed produces shapes from 
carbon, galvanized and stainless steel, aluminum, copper, zinc and clad- 
metals. For a fast, thorough analysis of how Roll Formed can help you 
cut assembly costs, send your prints today. Ask for catalog No. 1555. 


MAIN OFFICE AND PLANT 3754 OAKWOOD AVE. e YOUNGSTOWN, OHIO 
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Engineering News Roundup 





quarters, 33 W. 39th St., New York 
18, N. Y. 


April 25-26— 

American Society of Mechanical 
Engineers—Society for the Ad- 
vancement of Management. Man- 
agement Conference to be held at 
the Statler Hotel, New York. Fur- 
ther information can be obtained 
from ASME headquarters, 29 W. 
39th St., New York 18, N. Y. 


April 25-26— 

American Zinc Institute Ine. 
39th Annual Meeting to be held 
at the Drake Hotel, Chicago. Fur- 
ther information is available from 
institute headquarters, 60 E. 42nd 
St., New York 17, N. Y. 


April 25-26— 

Institute of Environmental En- 
gineers. Annual Technical Meet- 
ing to be held at the LaSalle Ho- 
tel, Chicago. Further information 
is available from Henry F. Sander, 
Vapor Heating Corp., 6420 W. 
Howard St., Chicago, Ill. 


April 27-May 2— 

Scientific Apparatus Makers As- 
sociation. 39th Annual Meeting to 
be held at the Greenbrier, White 
Sulphur Springs, W. Va. Addition- 
al information is available from 
association headquarters, 20 N. 
Wacker Dr., Chicago 6, IIl. 


April 29-May 3— 
ith National 


Materials Han- 


dling Exposition to be held at Con- | 


vention Hall, Philadelphia. Fur- 
ther information can be obtained 
from Clapp & Poliak Ine., 341 
Madison Ave., New York 17, N. Y. 


April 30-May 1 — 


Metal Powder Association. 13th | 


Annual Meeting and 1957 Metal 
Powder Show to be held at the 


Drake Hotel, Chicago. Further in- | 


formation is available from asso- 
ciation headquarters, 130 W. 42nd 
St., New York 36, N. Y. 


May 20-23— 
Design Engineering Show to be 
held at the Coliseum, New York. 


Second Annual Design Conference, 


to be held in conjunction with the 


show, is sponsored by the Machine | 
Design Div. of ASME. Further in- | 
formation on the show is available | 


from Clapp & Poliak Inc., 341 Ma- 
dison Ave., New York 17, N. Y. 


Oct. 14-15— 


Fourth Conference on Mecha- | 
nisms to be held at Purdue Univer- | 
sity, West Lafayette, Ind. Spon- 


sors are the Purdue School of Me- 
chanical 


CHINE DeEsIGN. Additional infor- 


mation can be obtained from the | 
Editor, MACHINE DESIGN, Penton | 


Bldg., Cleveland 13, O. 





It Never Fails... 


“The chief project engineer is 
coming in and I’ve got to have 
that vellum. So forget the cof- 
fee break, then maybe you can 
have it finished.” 
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ISERIES “300” 


ELECTRONIC 


ADJUSTABLE-SPEED 
DRIVE 


SPEED RANGE infinitely adjust- 
able from 0 to 2400 rpm. 


REGULATION Better than 5% load 
regulation. 

DUTY CYCLE Rated for continyous 
duty. 

REMOTE CONTROL Control can be 


remote from either rectifier cabinet 
| or motor. 


| | BRAKING—REVERSING Dynamic 
braking and reversing models 
available. 


GEARED MOTORS Both 4 and 2 
hp models are available with gear 
reducers tor speeds from 0 to 150 
rpm and from 0 to 600 rpm. 


TACHOMETER MODELS Other 
models available with tachometer 
control to maintain speed within 
1%. 


DELIVERY Both geared and un- 
geared models available for deliv- 
ery from stock. 








SEND COMPLETE DATA 


197° 


with 
Ye HP motor 


IMMEDIATE DELIVERY 


Sene Ta 


= se ee ee ee ee ee ee ee ee ee ee 


‘PRODUCTS 


“ RP ATE 


og oF 


1086 Goffle Rd., Hawthorne, N. J. 


Phone HAwthorne 7-3100 
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Designed for 





RUGGEDNESS and 
DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 





That’s why, when you have a transmission, torque converter, 
drive unit or axle problem, you can find a solution by calling Clark. 
Seasoned, resourceful Clark engineers are always available to work 
with your engineers. Over the years dozens of manufacturers have 
found this ‘‘teaming-up” to be the 


quickest, easiest way to be certain 
of superior performance. C i q R 4 
You’ll find IT’S ALWAYS GOOD 


BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 





TRADEMARK OF THE CLARK EQUIPMENT COMPANY 


CLARK EQUIPMENT COMPANY 


Buchanan, Jackson, Benton Harbor, Battle Creek, Michigan 
St. Thomas, Ontario, Canada 


«gg 
Write for this new 42 
page book illustrating and 
describing the products 
and facilities of CLARK. 


MACHINE DESIGN 





























March 21, 1957 Circle 424 on page 19 















on steel 









Bronze on steel— 
plain or ball indented 


Formed oil grooves 
on lining side 


Straight, Clinch Butt 
or Special Seams 





Thin wall with no 
sacrifice in strength 





Oil holes, slots or cut- 
outs to your needs 





A great range of lengths and 





Bearing Performance with Bushing Economy 


Any of these design features can provide the needed bearing char- 





BABBITT-LINED 
BEARINGS 


be incorporated in our plain or 
bi-metal bushings. For many ap- 
plications lower cost bushings 


acteristics at a distinct price ad- 
vantage. We provide a complete 
engineering service. Address: 


FEDERAL-MOGUL 


DIVISION, Federal-Mogul-Bower Bearings, Inc. 


11045 Shoemaker, 


BEARING-SURFACED 
THRUST WASHERS 








PEsStGNn s 


Detroit 





SPACER 


TUBES 


Le ae 


13, Michigan 





COPPER-LEAD 
BEARINGS 








PRECISION 





SINCE 
1899 


MANUFACTURING 





RESEARCH 
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SUNNEN PRODUCTS COMPANY 
St. Louis, Mo 


EXTREMELY DEPENDABLE 


“Many of our honing machines are manu- 
factured for export, and dependability is a 
very important consideration. General Elec- 
tric motors have given us an almost perfect 
service record.” 


TEMPRITE PRODUCTS CORP 
Birmingham, Michigan 


UNMATCHED FIELD SERVICE 


“G. E.’s small Motor Service Station plan gives us on-the- 
spot motor repair service for our ‘Bantam 100’ carbonator 
pump motors. Our experience has been excellent. We just 
don’t have motors returned to the factory for service.” 


Service Proven- 


SUN-RAY BURNER MANUFACTURING CORP 


Jamaica, New York = # 


—- 


REDUCED SHIPPING COSTS 


“We cut our shipping costs 50-60 cents per unit 
when we standardized on G-E fhp motors for our 
oil burners. In addition, the smaller size has in- 
creased production and reduced worker fatigue.” 


PRINCE CASTLE 
MANUFACTURING DIVISION INC 
Sterling, Illinois | 


es) i 15 


=: 


EXTRA-LONG LIFE 


“G-E motors are so reliable that we’ve extended 
our motor guarantee from 1 to 5 years. Their light 
weight helped us cut our Multimixers about 15 Ib. 
and their quiet operation is another big point.” 














The General Electric “YEARS AHEAD” motor* 


The motor that set a new standard... 


Convenient, easy-to-read nameplate Sturdy steel shell, drip-proof construction 


Mylar} Polyester film insulation 


100% wool felt wickings 


Color-coded Neoprene leads Quiet, all-angle sieeve bearings 


Sturdy end shields Long-life switch 


Oil-retention slingers 


Dynamically balanced rotor 


” a 
SS Extra-large oil reservoir 
Ss 


aD Protective Glyptal+? coating 
a. 


> 
a 


Easily-rotated cradle base - ; 
Le 


a 


All-angle thrust washer assembly /, EIT y Semeatoen cemgnes wen 


Easy-connection terminal board and speed nut 


*available in both 48 and 56 frames 
TReg. trademark of Dupont Co. 
ttReg. trademark of General Electric Co. 


GENERAL (96) ELECTRIC 





—General Electric fhp motors can 


ROBOT APPLIANCES INCORPORATED 
Detroit, Michigan 








MINIMUM MAINTENANCE 


“ROBOT-MATIC Door Openers require no mainte- 
nance, because the motor is permanently oiled. This 
feature, plus all-angle motor and Operator mount- 
ing, make them ideal for use in inaccessible places.” 


M. J. M. MANUFACTURING COMPANY - 4 F 
Culver City, California i 4 aN 
, . 

i 


SIGNIFICANT COST SAVINGS 


“The all-angle mounting of G-E fhp motors makes 
them especially suitable for use in our vegetable 
peeler. The sleeve-bearing design cuts our materi- 
al costs, and small size aided product design.” 


ACORN MACHINERY CORP 
New York, N. Y 


CUSTOMER ACCEPTANCE 


“We attach the tag, ‘Equipped with General Elec- 
tric Motor,’ to our equipment, and find it is a big 
extra in customer acceptance. We’ve also achieved 
a considerable weight reduction which reduces 
shipping costs.” 


METZGER MACHINE AND 
ENGINEERING COMPANY 
Milwaukee, Wisconsin 











QUIET OPERATION 


“Quiet motor operation is an important factor in 
oil and gas burners, and the silent operation of 
G-E fhp motors has become one of our big selling 
features. The G-E name helps sell our burners.” 





| produce results like these for you! 


BONIS BROS. MACHINE CORP _ ° i R Here's Why G-E Fhp Motors 


New York, N. Y 


Will Improve Your 


Product, Cut Your Costs 


SMALLER SIZE of G-E fhp motors means a 
smaller, more compact product. The 
“years ahead” G-E motor is 40% smaller 
and 50% lighter in weight than old-style 
motor designs. 





MINIMUM MAINTENANCE makes your 
product easier for customers to use. A 
APPLICATION HELP 50% greater oil capacity and a highly 
efficient oil retention system provide 
double lubrication life, eliminate oiling 
completely on some applications. 


“Throughout the years, G-E engineers have been 
of immeasurable help in working out application 
problems on industrial sewing machines. We use 
G-E motors because they are superior to others.” 





LONGER ELECTRICAL LIFE results from the 
use of Mylar* polyester film insulation. 


CURTIS INDUSTRIES INC Mylar has a moisture resistance 35 times 
Cleveland, Ohio as great, and a dielectric strength 8 times 
° , . as great as ordinary paper insulation. 


COMPLETE MOUNTING VERSATILITY pro- 
vides easy solutions to design problems. 
You can mount a G-E fhp motor in any 
position, and eliminate the need for cost- 
ly “specials.” Moreover, on both solid 
and resilient base motors, you can rotate 
the motor within its cradle or remove the 
cradle entirely to meet your exact re- 
quirements. 


Se = US 


WANT MORE INFORMATION? Your near- 
by G-E Apparatus Sales Office will be 
glad to show you how you can improve 
your product with General Electric “years 
ahead” motors. They also can arrange for 
MINIMUM SPACE REQUIREMENTS quick delivery of the motors you need. 
Write for Bulletin GEA-6424 to Section 
702-49, General Electric Company, Sche- 
nectady 5, N. Y. 





“Our key machine is designed for retail merchants, 
and minimum counter space is important. It’s also 
essential the unit be quiet operating. G-E fhp 
motors meet both of these requirements.” *Du Pont Registered Trade-mark 





GENERAL @@ ELECTRIC 





PRESSURE WARNING SWITCH 
(ON PUMP CONTROL VALVE) 


“—~ NO. 1 PUMP CONTROL VALVE 


HYDRAULIC PRESSURE a 
HYDRAULIC SUCTION 


HYDRAULIC PUMP DRAIN 


CHECK VALVE 


FILTER’ 


HYDRAULIC FAN 
PRESSURE 


HYDRAULIC FAN RETURN 
DRAIN LINE FROM LEFT 


SECONDARY HEAT EXCHANGER 
FAN MOTOR 








Where you can’t afford a failure... 
Plan a Purolator filter as part of your system 


Most hydraulic systems break down imme- 
diately unless they are protected by adequate 
filtration. And it takes more than correct filter 
placement to assure adequate filtration — it 
takes the best filter you can get as well. That’s 
why it pays to use Purolator Micronic® filters. 


They give you the fullest protection. The 


Filtration For Every Known Fluid 


PURQLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 


reason? Micronic elements — which provide 
controlled porosity and maximum filtration 
effectiveness with removal of particles as small 
as .000039 inch. And because they’re made of 
plastic-impregnated cellulose, Purolator’s 
Micronic elements are not affected by high 


temperature or water. 


To find out more about proper placing of filters 
in hydraulic systems, write for our new 32 
page ‘Filtration Manual for Product Design- 
ers’’—and please enclose 25¢ to cover post- 
age and handling. Address Dept. P4-38. 
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INSIST ON THE 


nahin 


variable speed drive 


SIZES FROM FRACTIONAL TO 3 H. P 


cel 


a 


There are four sizes of Graham — each in a wide 
variety of styles. All drives may be had either with 
built-in motor or with input shaft extension for 
coupling or belting to separate motor or to a shaft 
of the machine. Controls are either single turn, 
micrometer, lever or remote electrical control with 
speed indication at the remote point. Built-in motors 
may be had of nearly any desired mechanical and 
electrical type, open, totally enclosed, explosion- 


proof, motor with built-in brake included. 


6 OUTSTANDING FEATURES 

1. Ultimate in simplicity and com- 3. 
pactness. 

2. Unlimited speed range — from 
any desired maximum down to 4. 
zero — including reverse if 5. 
wanted without stopping the 
motor. 6, 


COMPLETE LINE OF BUILT-IN GEAR 


Unmatched for accuracy of 
speed setting and resetting and 
speed holding. 


No perishable parts. 


Twenty year performance 
record. 


Low cost. 


BOXES 


The Graham gives every speed from any desired maximum down to zero 
(including reverse if wanted, without stopping the motor). The Graham 
should be so selected that the desired maximum speed of the driven shaft is 


had when the Graham is running at approx 


imately its top speed. When this 


requires reduction or step-up gearing, this may be had without the cost and 


complication of a separate gearbox since the 
single reduction or step-up spur gearing, sin 


Graham is available with built-in 
gle reduction worm gearing with 


output shaft horizontal or vertical, and double reduction helical gearing. Only 
four mounting bolts are required for the entire assembly —transmission, built-in 


motor and built-in gearbox—the ultimate in 


mést reliable variable speed drive made 


compactness, 


Because 


round the Company..... 


— 


G4 7. engineered 
and rated for Gentlemen: Please send your latest catalog on Graham 
continuous Variable Speed Drives. 
& 
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Vibration won't loosen FLEXLOC self-locking nuts 


replacement, frequent adjustments, even rough screw 
threads will not affect their locking life. 


Where products must be reliable... must stand up 
under vibration, temperature extremes and hard use 
... designers specify rugged, reliable, precision-built 
FLEXLOC self-locking nuts. 


HERE’S WHY: 

FLEXLoc locknuts are strong: tensile strengths far 
exceed accepted standards. They are uniform: care- 
fully manufactured to assure accurate, lasting locking 
action. And they are reusable: repeated removal and 


Standard FLex.oc self-locking locknuts are available in 
a wide range of standard sizes, types and materials to 
meet the most critical locknut requirements. Your local 
industrial distributor stocks them. Write us for complete 
catalog and technical data. Flexloc Locknut Division, 
STANDARD PRESSED STEEL Co., Jenkintown 18, Pa. 


STANDARD PRESSED STEEL CO. 


FLEXLOE tocknur DIVISION 
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(Advertisement) 


Fiow to remedy 
four common errors 
in gasket design 


As the examples above show, simple changes in gasket 
design or specification can result in savings in gasket 
cost and handling time. 

Changes in joint design, too, can be helpful. Stiffen- 
ing a flange, for example, will prevent flange bending 
—which has been found to cause about 90% of all 
joint leaks. Decreasing the gasket area and putting 
bolt holes closer together are other ways to cure this 
trouble. For more information on gasket selection and 
use, please write for the booklet shown at the right 
or call your Armstrong representative for assistance. 


SEND FOR 1957 EDITION OF “ARMSTRONG GASKET MATERIALS” 


This 16-page booklet discusses the choice 
of proper gasket materials and describes 
Armstrong cork, cork-and-rubber, synthetic 
rubber, and fiber sheet materials. Included 
are government and SAE-ASTM specifica- 
tions. Look for this booklet in Sweet’s prod- 
uct design file. Or for a personal copy, 
write Armstrong Cork Company, Industrial 
Division, 7103 Dean Street, Lancaster, Pa. 


aX 


(Aymstrong GASKET MATERIALS 


... used wherever performance counts 
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HOUGHTON... 
Headquarters 
for Hydraulics 


Choose hydraulic packings and fluids that work 
together — 

Select them from one proven source; then you know 
they will be compatible; no divided responsibility. 
And they will give new life to the systems you design. 
Packings should do more for you than just seal pres- 
sure. In fact, unless the packings you choose are 
as modern and well-engineered as the system it- 
self, you’re going to be short-changed on wear 
and performance. 

Fluids, too, ought to do more than just transmit 
energy. Today’s fluids should be able to satisfy any 
demands you make on them, ranging from fire- 
safety to their chemical and physical ability to hold 
up over long periods. 

These Houghton packings and fluids illustrate the 
kind of “Extras” you need to give you full perform- 
ance from every system you design: 


ONE SOURCE for 


to get the full potential 


1243-3 Rubber-Impregnated Leather Cups. Resili- 
ent as rubber, but with leather’s tough wear-power 
and anti-extrusion qualities. These packings have 
opened new fields for designers. 

VIX-SYN Fabricated Synthetic Rubber Packings. 
These new packings are setting records for wear. In 
tests, cup packings have withstood as many as 28,000 
wearing cycles at 4,000 psi without signs of failure. 
VIX-SYN Homogeneous Synthetic Rubber .. .“U”- 
cups, “V”s and “O” rings . . . you’ll find the same 
kind of advanced thinking reflected in the many 
special compounds available for varying service 
conditions and fluids. 

Houghto-Safe 620. A non-petroleum, aqueous base 
hydraulic fluid which provides maximum fire re- 
sistance. In addition to complete fire safety, it helps 
packings give superior service because it is chemi- 
cally inert to all standard packing materials. Its 
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Packings and Fluids 


of your design... 


jubricity and film strength prolong pump and 
equipment life. Use it in over 80 percent of all hy- 
draulic applications. 

Houghto-Safe 1020. Where systems demand higher 
lubricating qualities along with fire-resistance, this 
new Houghton fortified phosphate ester type fluid 
is your best bet. 

Hydro-Drive. In systems where petroleum fluids 
are safe, Hydro-Drive offers all the advantages of 
pure, high-quality oil plus chemically-increased film 
strength, lengthened service life, and fortified gum- 
dissolving, rust-preventing power. 

Hydrolubric. As an additive for water-operated hy- 
draulic systems, Hydrolubric very nearly makes oil 
out of water. It prevents rust, keeps evaporation to 
a minimum, and delivers positive, reliable lubri- 
cation to all working parts. 

You get another assist from Houghton in packing 











- 
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Spring Loaded 
Cup Packings ... 
A HOUGHTON “First” 











engineering. Square shoulder cups and the wear- 
saving spring mount for cup packings are Houghton 
developments. Standard stack heights for “V” Pack- 
ings is another innovation that lets you use any one 
of three kinds of packings in the same gland. 
Write — or make sure to ask the Houghton Man 
when he calls at your plant — for full information 
on all the new Houghton developments for Hy- 
draulic and Pneumatic equipment. 


... products of 


Ready to give you 
on-the-job service... 








Before you decide on Speed Reducers 


see the C ithat= 


hs SjaeMae RIES Se ee 
teeecer : 
Wa Peet ed 


Gear box cover 
removed to show 
simplified, trouble- 
proof construction of : 
Abart Type DW Double Reduction» 
Worm Gear Speed Reducer Ratios 
70/1 up-to 10,000/1—.007 HP to 
124 HP at 1800 RPM. 





cost less to operate...cost less to maintain! 


Power packaged —engineered in over 75 sizes and types— 


adapted to all your Speed Reducer needs within these ranges: Pocket stze—new and revised 


Send today for this Abart Speed 





SPUR GEAR REDUCERS: COMBINATION WORM and SPUR Reducer Engineering Data 
Ratios 2/1 up to 400/I1—up to UNITS: Book and Catalog Write now, 
168 HP Ratios 116/1 up to 2000/1—.05 

HP to 13 HP 
SINGLE REDUCTION WORM GEAR 
REDUCERS: FRACTIONAL HP TYPES: 
Ratios 4-5/6 to] up to100/1—1/2 Ratios 5-4/5 to 1 up to 100/1— 
HP to 98 HP 1/50 HP to 2 HP ABART GEAR and MACHINE CO. 
DOUBLE REDUCTION WORM UNITS: SRST Ent TOR Tee 
Ratios 70/1 up to 10,000/1— 005 HP to 1 HP Chicago 50, Illinois 
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NOTHING can equal Stainless Steel 


in its unique combination of properties 


For Heat Resistance 


Pittsburgh Plate Glass Company wanted to increase the output 
of their glass tanks, so they needed better rolls to withstand the 
heat from the 2000° F. glass. They chose USS Stainless Steel 
Forgings for this critical location because Stainless resists crack- 
ing and oxidation, and retains its dimensions, even though in 
24-hour-a-day service. 


For Corrosion Resistance 


Calera Mining Co. operates the world’s largest cobalt refinery, 
and the process involves leaching with a sulfuric acid solution. 
The Stainless Steel agitators shown here hold up at temperatures 
as high as 200° F., despite the high acid concentrations. 


For Durability 


The nationally famous Norwalk 
Truck Lines have been using Stain- 
less Steel trailers since 1941 and 
they've never had one wear out. Al- 
though the Stainless trailers cost a 
little more initially, Norwalk gladly 
pays the difference because 

the trailers never have to 

be painted, and they never 

rust out underneath. 





No other design material can match Stainless Steel in 
its combination of desirable properties: corrosion re- 
sistance, strength, hardness, beauty, cleanability and 
easy fabrication. If you’re looking for a reliable source 
of supply, remember that United States Steel offers you 
the widest range of types, finishes and sizes. 

UL rig og gg 

TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS STAINLESS STEEL 


SHEETS - STRIP + PLATES + BARS - BILLETS 
PIPE + TUBES - WIRE ~- SPECIAL SECTIONS 


UNITED STATES STEEL 








...for better machine gas cutting 





Above: the new Airco 56 Oxygraph with eight manual 
torches. All-welded construction provides unusual 
sturdiness and durability. 

At left: drawing shows great versatility in patterns 
that can be cut with the new model 56. 


NEW... Airco 56 Oxygraph 


... for better machine gas cutting of larger work on production schedules 


This newly developed Airco 56 Oxygraph meets the 
demand for a multi-torch oxy-acetylene shape cut- 
ting machine that will handle substantially large 
areas. It cuts a full 56” circle, and corresponding 
square and reciangular shapes. Rugged box girder 
design is used for the pantograph arms, holding vi- 
bration to a minimum. Tracer response is smooth 
and friction-free as a result of large diameter ball 
bearings in the pantograph hinges and operating 
bar assembly. 


This newest of Airco Oxygraphs will cut an un- 
limited variety of shapes from steel plates, slabs, 
billets and forgings. Flexibility of design allows am- 
plifying scope of machine to meet increased shop 
demands. Tracers are available in four types: elec- 
tronic, manual, magnetic and spindle. This widened 
capacity of the new model 56 marks another step 
forward in welding and cutting progress. For de- 
tailed information on the New 56 Oxygraph, write 
direct to Airco. 


S5 is. ont 
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AT THE FRONTIERS OF PROGRESS YOU'LL FIND... —S F APRIL 9-11, 1957 © PHILADELPHIA, PA. 


——— 
On the west coast — 
Air Reduction Pacific Company 


tionaliy — 
AIR REDUCTION SALES COMPANY e - Company international 





In Cuba 


A division of Air Reduction Company, Incorporated Cuban Air Products Corporation 
150 Eust 42nd Street, New York 17, N. Y. In Canada — 


Offices and dealers in 
most principal cities 





Air Reduction Canada Limited 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 
— carbon dioxide, liquid-solid (‘‘DRY-ICE'') * OHIO — medical gases and hospital equipment * NATIONAL CARBIDE — pipeline acetylene and calcium carbide ¢ 
COLTON — polyvinyl acetates, alcohols, and other synthetic resins. 
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ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE IT! 


Saginaw b/b Screws 


guaranteed 90% efficient 


—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 
rolled thread types—have been built from 112 
inches to 39 feet long—% to 10 inches diameter. 


Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


VITAL POWER SAVINGS. With 

guaranteed efficiency of 90%, Sag- 
Inaw b/b Screws are up to 5 times as 
efficient as Acme screws, require only 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Sog- 
inaw b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves cre smaller and lighter. Units 
have been engineered from 11% in. to 
39% ft. in length. 


PRECISE POSITIONING. Machine- 

ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics because a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel. 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 


Al end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


TEMPERATURE TOLERANCE. Nor- 

mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ore practical where hydraulic filvids have 
lost efficiency or reached their flash point. 


LUBRICATION LATITUDE. Even if 

lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and qualified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable than hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vantages over other makes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure. 


Screws 


Splines 


WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 


March 21, 1957 


YOUR FREE COPY OF THIS 
NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER” SHOWS HOW 


36 pages crammed with time-, work-, and money- 
saving facts: Principles « Types ¢ Basic Operations « 
Coupling Methods ¢« Efficiency « Advantages ¢ 
Selection Factors « Design Data « Sample Problems 


SAGINAW 
b/b SPLINE 


@ Averages 40 times 
lower coefficient of 
friction than ordi- 
nary sliding splines! 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs, bearing and 
sprocket seats, etc. Units have been built from 3 inches to 
10 feet long—%% to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


or see our section in Sweet's Product Design File 


e 
———— A ene A A TS ce a 


Saginaw Steering Gear Division 

General Motors Corporation 

b/b Screw and Spline Operation 

Dept. 7H, Saginaw, Michigan 

Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 





COMPANY 








ADDRESS _ 
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NOW... 


QUALITY WELDS 
like these... 


with up to 


0% 


LESS 
SHIELDING 
GAS 


H-15 argon-hydrogen mixture means new economy in fast, sound welding operations, 


Using H-15, a LinpE mixture of argon and hydrogen shielding gases, savings as high as 
60% of normal gas consumptions are being attained by manufacturers on a wide variety of 
metal products. This mixture is designed for extremely efficient mechanized welding of 
stainless steel, Monel, Inconel, and cupro-nickel. 

COMBINES ADVANTAGES — H-15 mixture combines the high welding speed feature of 
Helium with the low consumption advantages of argon—result, the lowest cost, high-quality 


welding yet attained . .. And no extra equipment is needed for a change over to H-15. 





Get the complete story of this highly efficient, economical mixture, contact your local 


LinDE representative. Start saving now—do it today. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street UCC} New York 17, N.Y. 

Offices in Other Principal Cities 


In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 





The term ‘‘Linde”’ is a registered trade-mark of Union Carbide and Carbon Corporation. 
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THE PEOPLE AT Moye SAY: 


DON’T <} combine the bearing loads— 


DIVORCE To them! 


earned Aetna’s reputation as a progressive 
and dependable bearing supplier to the 
machine tool industry for over forty years. 


Greater rigidity, accuracy, and capacity; 
lower friction and temperatures under 
varying loads and speeds; smoother, chat- 
ter-free operation that spells finer finishes 
at lower cost . . . these are the plus ad- 
vantages offered by Pope precision spin- 
dles because they feature the single-direc- 
tion bearing principle: radial bearings for 
the radial loads—thrust bearings for the 
thrust loads. 


Aetna spindle thrust bearings, like the 
special, preloaded, double-acting type used 
by Pope Machinery Corporation, are built 
to super-rigid standards of concentricity, 
parallelism, size, finish and metallurgical 
structure. They are typical of the many 
design-engineering successes which have 


AETNA BALL AND ROLLER BEARING COMPANY 


Division of Parkersburg-Aetna Corporation 


4600 Schubert Avenue «+ Chicago 39, Illinois 


Perhaps you, too, can use Aetna’s for- 
ward-thinking engineering teamwork to 
good advantage. It’s teamwork you can 
swing into action simply by writing us or 
’phoning the representative listed under 
the Aetna trade-mark in your classified 
*phone book. Why not do it today? 


P Standard and Special Ball Thrust 
Becrings © Angular Contact Ball 
Bearings © Special Roller Bearings 
e Ball Retainers ¢ Hardened and 
Ground Washers ¢ Sleeves ¢ Bushings 

© Miscellaneous Precision Parts 
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ARLOcCK and 


THE COMPLETE INTEGRATION 
OF THEIR SALES FORCES 


Now, the United States Gasket 
Company will be known as 
the United States Gasket 
Company, Plastics Division of 


The Garlock Packing Company. 


Botton Sowiew fov Customers 


Both U.S.G. and Garlock customers will now enjoy 
the finest, most complete service available in the 
fields of fluorocarbons (Teflon* and Kel-F**), nylon 
and other plastics as well as mechanical packings 
and seals of all types. Specialists in specific materials 
and applications will always be available for con- 
sultation on your problems. 


Saves You Tune 


This integration of sales forces will also simplify your 
purchasing problem . . . you can standardize on one 
reliable source of supply and have more time to 
devote to other important problems, 


Main Factory Buildings of The Garlock Packing Company, Palmyra, 
New York. Other factories in San Francisco and Canada, 


Bn August 1955 Garlock acquired the United 
States Gasket Company. Subsequently, the 
production facilities of both companies were 
integrated. Now, it is clear that the customers 
of both companies will be better served through 
an integrated sales force. 


Clubiosed Recommendations 


With the addition of U.S.G. plastic products to the 
famous “Garlock 2,000” family of packings, gaskets, 
and seals, your local representative is able to supply 
the right seal for every conceivable need. Call him 
at the office nearest you. 


30 Sales Oia 


U.S.G. plastics specialists join the 125 Garlock sales- 
men at 30 sales offices and warehouses where large 
stocks of plastic products are stored. This means 
faster deliveries from local stocks, as well as expert 
plastics and sealing assistance as close as your 
telephone. 


*DuPont Trademark 
**M.W. Kellogg Trademark 


One of the two Camden, N.J. plants of the United States Gasket 
Company, Plastics Division of The Garlock Packing Company 
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United States Gasket 


UNITED STATES DISTRICT OFFICES AND WAREHOUSES 


Baltimore 18, Md., 2828 Lock Raven Rad. 
519 S. 19th St. 
Boston 10, Mass.,....... 80 Broad St. 
Buffalo 2, 2 & eercccces 38 Pearl St. 
Chicago 6, Bi... . . 600 W. Jackson Blvd. 
Cincinnati 16, Ohio, . . . . 8329 Vine St. 
Cleveland 13, Ohio,. .1276 W. Third St. 


Birmingham 1, Ala.,... 


Denver 2, Colo.,...... 
Detroit 11, Mich.,. 


Houston 3, Texas, 2105 McKinney Ave. 
Los Angeles 21, Calif.,. .2303 B. sth St. 


1863 Wazee St. 


.2781 E.Grand Blvd. 


New Orleans 25, La., 3525 Lowerline St. 
New York 6, N.Y., ... . 114 Liberty St. 
i ree Maple Ave. 
Philadelphia 2, Pa.,.....20S. 15th St. 
Pittsburgh 22, Pa.,.... 933 Penn Ave. 
Portland 9, Ore., . . 1036 N.W. 18th Ave. 
Salt Lake City 1, Utah, 322 Dooly Bidg. 
San Francisco 7, Calif., 750 — 18th St. 
St. Louis 8, Mo., 3635 Forest Park Blvd. 
Seattle 4, Wash.,........ 814 Lane St. 
Spokane 4, Wash.,. .W. 610 Second Ave. 


SPECIALIZED PLASTICS 
PRODUCTS FACILITIES AT U.S.G. 


Three completely equipped laboratories— 
electrical, chemical and physical—are staffed 
by top-flight research, production and 
development engineers. 


One of many extruders for TEFLON, KEL-F 
and nylon rods, tubes and special shapes. 


Tulsa 20, Okla., 816E. 6th St. 


CANADIAN OFFICES AND WAREHOUSES 


Toronto 2, Ont.,.... sicee. 750 Bay St. 
Vancouver 5, B.C., 1925 W. Georgia St. 
Winnipeg 3, Man.,......1436Erin St. 


Edmonton, Alb.,... . 8407 — 108rd St. 
Hamilton, Ont., 200 Queen St. 
Montreal 9, Que., 5214 DeLa Savane St, 


Giant presses cold mold TEFLON sheets up to 
48" x 48" in size, ready for sintering. 


Garnnocx 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Rubber Expansion Joints, Fluorocarbon Products 
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GREATER GRINDER PRODUCTION 
BETTER SURFACE FINISHES 
LOWER PRODUCTION COST 


From all your Surface Grinders, 
new or old 


















HEAVY DUTY, 
MOTORIZED 


SPINDLES 


POPE 1, 2 and 3 HP, 1800 or 3600 RPM Surface Grinder Spindles: 


e assure continuous production of accurate parts. 
e revolve accurately under the heaviest loads. 
@ permanently lubricated (Pope System) for the life of the bearings. 


e have the rigidity to support diamond wheels and to produce more good 
work, 


@ have the extra rigidity for crush dressing and form grinding. 






WRITE FOR PRICE AND DELIVERY. 


wie 400K AT THE 
| _ BEARINGS! 


= /permanently 
_ preloaded 















These super-precision, double row metal fast but maintain its inbuilt pre- 


cylindrical roller bearings have the ca- _ cision for producing fine finishes. 
pacity to assure smooth, chatter-free op- Separate super-precision ball thrust 
eration over a long life — give the bearings eliminate endwise movement of 


Spindle the ability to rough off surplus _ the shaft in either direction. No. 117 
o. 















# 


POPE MACHINERY CORPORATION - 261 RIVER STREET - HAVERHILL 





56 
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Koppers Face Type Seal Provides 
Up to 20,000 Hours of Service! 


Up to 30,000 Hours in Laboratory Tests Using Clean Gas! 


Koppers engineering has created an unmatched 
sealing surface that gives Koppers Face Type Seals 
a much longer-than-ordinary service life. 

The exclusive design of the sealing surface keeps 
pressure distribution and hydraulic balance un- 
changed during operation ... permits a light face 
loading which lowers interface temperatures. Hy- 
draulic balance allows sealing of gases and liquids 
through a wide range of rubbing speeds. Rugged 


Koppers Company, Inc. 
Metal Products Division 
Piston Ring and Seal Dept. 


Engineered Products 
Sold with Service 


de, 


construction adds to Koppers long service life. 
Rotating collars can be of hardenable stainless 
steels, cutlery and die steels, Stellites, or of a hard 
chromium or carbide face. Ring is of carefully 
selected grades of carbon. 

If you have a sealing or piston ring problem, 
Koppers entire research, production and engineering 
facilities are at your disposal. For more details, 
write to the Koprpers Company, Inc., 2303 Ham- 
burg St., Baltimore 3, Maryland. 


MECHANICAL 


SHAFT SEALS 
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Curtiss-Wright PROTOTYPE SERVICE 
speeds you from blueprint to working model 


Here’s the fast, efficient and economical way to get 
working models from your turbine or compressor 
blade designs . . . whether you want a single 
prototype or test production quantities. Curtiss- 
Wright’s Metals Processing Division scales down 
its complete facilities in a modern, geared-to-speed 
prototype shop .. . brings under one roof all the 
production steps from primary metal to finished 
product in any high integrity alloy. 

Working model production brought to a fine 
point of precision control means more accurate 
development now ... smoother flowing production 
later. Coordinated facilities for casting, forging, 


grade rolling, machining and extrusion are ready 
to serve you on short notice . . . solve your prob- 
lems in a hurry. Contact Curtiss-Wright when your 
next set of designs leaves the drafting board. Quali- 
fied engineering consultation available at all branch 
Offices. 


For complete details, write to: 71 Grider Street 


METALS PROCESSING DIVISION 


CURTISS-WRIGHT © 


CORPORATION © BUFFALO, NEW YORK 


METALS PROCESSING DIVISION BRANCH OFFICES: « « « NEW YORK e HOUSTON e LOS ANGELES 
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Before you say; 
“It can’t be cast,” 


callan ESCO 
Engineer 


BUTTERFLY VALVE BODY 

This guided missile component, type 304, A296-49T 
CF-8, had previously been fabricated. ESCO multiple-unit 
centrifugal casting technique (SPUNCAST®) was used, 
casting six valve bodies, each weighing 180 pounds, at 
one time resulting in an overall saving in time and mate- 
rial amounting to 30%, of former costs. 


Write today for your FREE copy of this informative 
100-page reference book —“‘ESCO Alloy and 
Stainless Steels for the Process and 
Manufacturing Industries”. 
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International Harvester Model 75 Payscraper. 
First application of hydraulic steering on eart 


movers. USER OF EASTMAN EQUIPMENT. 
rom 


Allis-Chalmers Model 100 ALL CROP Harvester. 
Steering brakes and header height hydraulicall 
operated. USER OF EASTMAN EQUIPMENT. 








; = oo nleaee  o 
Bucyrus-Erie Model H-5 Hydrocrane. Hydrauli- 
cally controlled boom, out riggers and bucket, 


) User OF EASTMAN EQUIPMENT. 





4 
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Close-up of Power Unit on Sherman Power Digger showing 
-direct power delivery from lever to load. Pilot model equipped 
with Eastman Hydraulic Hose and Tube Assemblies, 


FOR FULL PAYLOAD POWER 


rrom LEVER ro LOAD 


specify 


HYDRAULIC HOSE ASSEMBLIES 


For full payload power—from lever to load—consistent 
with long-lasting service, safety and sound construction— 
always specify Eastman Hydraulic Hose Assemblies. 


Eastman, first in the field of Hydraulic Hose Assemblies, 
developed many original engineering advantages in design, 
construction and assembly—time tested by unequalled 
years of experience. 


Since Eastman pioneered in the very first applications of 

mobile hydraulic power . . . you will find Eastman Hydraulic 
Hose Assemblies used by many original equipment manufacturers 
who were pioneers in their respective fields also. 


Let their endorsement be your assurance of the satisfactory 
hydraulic performance of your products, too—plus the 

prestige and competitive sales advantage that comes with 
quality Eastman Hydraulic Hose and Tube Assemblies— 

the Standard of the Industry! 


It pays to write 
Eastman FIRST... 


MACHINE DESIGN 





March 21, 1957 


The Outstanding Success of Winzeler STAMPED Gearing Results 
from Vastly Improved Methods of Tooling, Stamping and Inspection 


WINZELER is now better equipped than ever to 
Stamp Gearing in production runs. Greatly en- 
larged, modernized plant, methods and equipment 
produce Gearing by the thousands or millions with a 
degree of speed and uniform accuracy generally 
considered impossible! Skilled WINZELER engi- 
neers can lend you valuable aid in determining the 
ONE best and most economical application for your 
specific needs. 


WINZELER now stamps better Gearing from 8 #0 


MAIL THE 


COUPON 


FOR FREE 


STAMPED 


GEAR FOLDER 


Winzeler accuracy and efficiency is now 
greater than ever in this brand new, 
specially designed, one-floor plant. Here, 
highly developed men, methods and 
machines keep pace with the rapidly in- 
creasing demand for the better Stamped 
Gearing we make. 


120 dp .. from .006 to %¢" thickness and up to 7 
inch diameter. Single stampings are often lami- 
nated and indexed to produce wider faces at savings 
up to 60%! Now, BAKELITE Gearing is success- 
fully stamped and shaved, with special tooling, from 
material up to 4%" thick. Teeth are sharp, clean-cut, 
uniformly accurate. Join the fast-growing group of 
critical customers who improve quality, perform- 
ance and profits by using WINZELER Stamped 
Gearing exclusively. Write us now about your needs. 





WINZELER MANUFACTURING & TOOL CO., 


7355 W. WILSON AVENUE, CHICAGO 31, ILLINOIS 
Gentlemen: 


Please mail to me, at once, a copy of the 
free WINZELER Stamped Gear folder. 


NAME 





COMPANY 








ADDRESS 








CITY ZONE. STATE 
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“Darkroom test* proves raw camera castings 


High precision of Doehler-Jarvis 
make new cameras light-tight 


ee ae 
Revere-made Wollensak 43” 
8 M/M spool-type turret camera 
Built-in filters provide finger-tip ad- 
justment for three conditions: (1) 
clear shooting (2) haze (3) outdoor 
shots with indoor film. 


Lights! 
Camera! 
Action... 


Our hero(in darkroom above) 
has just snapped together the 
three die castings that house 
the new Revere-made home 
movie camera shown left... 
snapped them together around 
a tell-tale light. 

The castings are raw... just 
as they come from Doehler- 
Jarvis. Notice no light escapes 
where the housing parts join. 


Even before machining, the seal is light-tight. 

That’s precision for you. The kind Revere Camera 
Company expects and gets from Doehler-Jarvis. 

What’s more, each casting provides, “no-tolerance” 
machining base points. From these points Revere estab- 
lishes all basic dimensions for machining of the camera 
mechanism. They get an accuracy so high they can afford 
to offer a lifetime guarantee on the action, 


Realizes many design advantages 


Revere designs from the start to take full advantage of 
die casting. In most models, fcr example, Doehler-Jarvis 
is called in while units are stil! in the hand sketch stage. 

In this instance, details worked out include the use of 
lightweight magnesium; ways to reduce wall thicknesses 
(they’re way thinner than ADCI minimums); location 
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Wollensak “43” Wollensak “815” 
8 MM Spool-type Turret Camera Automatic Slide Projector, 2x2 


Wollensak “42” Wollensak “715” 8 MM 
8 MM Spool-type Cine Camera Movie Push-button Projector 


Wollensak “23” Wollensak “10” 
8 MM Magazine Turret Camera Stereo Camera 


*Darkroom test illustrates precision of the raw Doehler-Jarvis die castings 
as received for use in the above Revere-made Wollensak cameras and 
equipment. Revere subjects the finished cameras to a much more severe 
4-hour direct sunlight test. You can be sure they’re light-tight. 


fit so closely light doesn’t pass...” 


die castings helps Revere 
even before machining 





of bosses, lugs, corner reliefs; extra back-up for stressed 
sections; tool-ups for machining and finishing; inter- 
changeability between this and other models. All this 


pushes ultimate costs down, quality up. Doehl er on j a rvis 


Net result is an outstanding camera that is proving DIVISION OF NATIONAL LEAD COMPANY 
itself on the sales counter. General Offices: Toledo 1, Ohio 


Doehler-Jarvis die-casts parts for all Revere-made cam- 
eras and projectors, not only their name line, but also 
Wollensak and other brands. Asked why they prefer die 
castings made by Doehler-Jarvis, Revere put it very 
simply: “rejects almost zero” ... “likewise salvage”... 
“D and J people live with our jobs”. 

Right now Doehler-Jarvis people are “living with” the 
jobs of some 1400 major users of die castings. They'll 
do the same for you. 


In Canada: 
Barber Die Casting Co. Limited 


Hamilton, Ontario 
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§ Quick-Opening Fasteners: 
Screw Type or 1/4 Turn? 


Know the features of each before you specify. 


M. R. TUOZZO 


The selection of a quick-operating door 
fastener usually involves a choice be- 
tween two basic designs; the quick- 
acting screw fastener and the VY, turn 
fastener. Both are relatively inexpen- 
sive. Each has advantages that make it 
the logical choice for certain ap plica- 
tions. 

THE SCREW FASTENER is a rugged, 
square threaded screw assembly engag- 
ing in a special heavy stamped nut. The 
nut is clipped, riveted, or welded to the 
door frame. A special washer behind 
the thread captivates the screw in an 
oversize hole in the door. 

Because of its exceptional “float,” it is 
installed without precision measure- 


COMPARISON OF 


ments and will always line up with 
ease. Where a variation in material 
thickness may occur or a gasket must 
be compressed, the screw fastener is 
preferred, since a single grip length 
can be used throughout. Under most 
conditions it will completely disengage 
in two to four turns. It offers excellent 
resistance to vibration and forms a solid 
joint with no “give.” 

The screw fastener can be backed all 
the way out of the door frame without 
moving the door. If required, it can 
be installed so as to jack the door open 
as it is unscrewed. 

THE QUARTER-TURN FASTENER 
is usually selected for application on 
aircraft (under Army-Navy-Air Force 
specification MIL-F-5591A) where in- 


stantaneous removal of fastened parts 
is required, As the name implies, it is 
quickly locked or unlocked by a frac- 
tional turn. 

Its strength characteristics also are very 
high when the stud is formed from 
a single piece and no thin springs, 
wires, Or Cross pins exist in the assem- 
bly. The stud is retained in the door 
panel by a metal grommet, and en- 
gages in a full floating spring-loaded 
receptacle, riveted or welded to the 
door frame. 

Where the thickness of door and frame 
are fairly constant through an entire 
production run, the quarter-turn fas- 
tener is a wise choice. Its design affords 
maximum speed in fastening, and 
excellent vibration resistance. 











STANDARD QUICK-OPENING FASTENERS 


SOUTHCO SCREW FASTENER 














ONE 
GRIP- 
| LENGTH ||P : 
4 Ux ‘Through 
nite J ah. | 
. ay Material ve 
Mi mp ee b+. ~*~ Can Be Used to 
i —_ Back Off Door Panel 
LION QUARTER-TURN FASTENER 
ri ry 
iz SEO Spring 
i : Mi Fastener Fastener Loading 
i | in Position Locked Holds 
|} Ready for with a Panels 
| Locking Quarter-Turn in 
Stud Compression 
Receptacle 








1! Grommet} | 











/ 
/ 
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Southco Div., Seuth Chester Corporation 


237 Industrial Highway, Lester, Pa. 
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‘LOADPRT 
LOGANSPORT, (NO/ANA emma 


CANT kk A af eyes a: 2 


FREE senp FoR THE "LOGAN CALCULATOR" 


MEMBER: Natl. Mach. Tool Builders’ 
Assn.; Natl. Fluid Power Assn. 
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Illustrated—Logan Super-Matic Cylinder 
Meets J.1.C, Standards 


LOGANSPORT MACHINE CO., INC. 
B1I1CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG: 

1 100-1 AIR CYLINDERS O 62 SURE-FLOW PUMPS 

C 100-2 MILL-TYPE AIR CYLS. C 200-1 HYD. POWER UNITS 

(C 100-3 AIR-DRAULIC CYLS. C 200-2 ROTOCAST HYD. 

[) 100-4 AIR VALVES CYLINDERS 

= () 200-3 750 SERIES HYD. 

100- Uj 

0D 100-5 LOGANSOUARE CYLINDERS 

D) 100-5-1 ULTRAMATION and 200-7 HYD. VALVES 
CYLINDERS ] 200-6 SUPER-MATIC CYLS. 


Oo 51 aaa ] 70-1 CHUCKS 
[1 FACTS OF LIFE c BOOKLET 
TO: 

NAME 

COMPANY 

0 a 


Circle 452 on page 19 

































































































































































: t 
. » » CONE-DRIVE gearing has no equal. 
You can pass an amazing amount of power through a set of 
Cone-Drive gears. 

Want to cut product size? Cone-Drive will give you a more com- 
pact gear train with reserve load capacity. 

Want to boost power output and hold size? That's easy with Cone- 
Drive gears. They'll carry two, three, and four times the load of 
cylindrical worm gearing. 

Why? In Cone-Drive gears, the load isn’t concentrated on a small 
area per tooth or on just one or two teeth at a time. Cone-Drive’s 
exclusive double-enveloping principle distributes the load over a 
lot of teeth and over more area on each tooth. 

It cuts the unit loading the same way a pair of snowshoes sup- 
ports a heavy man. 


Ask for Bulletin CD-400 for complete details. 


= = 1 


LOPING GEAR SETS & 
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Synthane laminated plastics report for work 


A turn of the ignition key and the thou- Synthane laminates are excellent elec- 
sands of parts which make up your car trical insulators—they resist moisture— 
go to work as a team. Under the dash or smile at oil—are easy to machine and 
under the hood are dozens of parts made mechanically strong. Synthane laminated 
of Synthane laminated plastics. They plastics are available in sheets, rods and 
may seem insignificant but they’re as_ tubes or as parts completely fabricated 
necessary as an owner’s license. to your designs and specifications. 
Take away Synthane laminated plastics For more information about the many 

and you have a car that won’t start, a properties of Synthane laminated plas- 
generator that won’t run, lights that tics and how you can benefit by using 
won’t light, or a silent radio or motion- Synthane materials and fabricating serv- 
less fan—which may give you some idea __ices, write for our latest product catalog. 
of the importance of a product like Synthane Corporation, 5 River Road, 
Synthane in the automotive industry. Oaks, Pa. 

Breaker Arms for tractors and outboard motors , a 

are cut from lengths of molded laminated. Breaker : SF) = 

arm bushings and rubber angles are important 


ft Cc 
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EASILY MACHINED DIELECTRIC STRENGTH OIL RESISTANCE DIMENSIONAL STABILITY 


[SYNTHANE] ... industry's unseen essential. 
Sj 


SYNTHANE CORPORATION, 5 RIVER ROAD, OAKS, PA. 
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WHY PAY MORE 
for specials, when you can get 
what you need FROM STOCK? 


100 series (724%. 
SPEED REDUCERS 
1605 . 


types and ratios 


FROM sTOcK 


Horizontal Right Angle Drive Horizontal Right Angle Drive 


All Ratiomotors also sold without motors as 
FLANGED REDUCTORS 
Horizontal Right fig iiss pasts ee 


Angle Drive Double Reduction 


Vertical Right Angle Drive 


And now 


MORE SIZES 
in small 


REDUCTORS 


Meet increasing needs for smaller units in (2:98 Catalog No. 56 
Horizonial Right Angle Drive models. Boston 3 lists full specifications, 
: . Was =: includes 50 pages of 
Gear Works, 64 Hayward St., Quincy 71, Mass. “y engineering data to 
aid in selection and 

application, 


YOUR as Ge Gees § Bas |G ; . 
DISTRIBUTOR / 


For nearest Distributor, look under “GEARS” 57BG-RR-31 
in the Yellow Pages of your Telephone Book 
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li | NO PLATFORM TO BUILD _ 
pM: ~ MUCH SHORTER LENGTH | 
(7 4 AUTOMATIC, PERFECT 


ALIGNMENT 


30 HP. 2/2" SHORTER 


THAN FORMER I5 HP. MODEL 
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Write for free booklet on 
HOW TO USE 
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Moisture-laden hot-spot 
calls for some cool figuring! 


Superior design of Louis Allis 


electric motors pays off under severe heat-humidity conditions 


This paddle-agitator drive gets a steady bath of 
searing hot vapors from the trough below. Yet, the 
Louis Allis motor has given continuous and reliable 
service. Here are the special design techniques that 
make this possible: 

Special attention to insulation — Louis Allis spon- 
sors continuous research into new insulating mate- 
rials. One example: Louis Allis engineers were first to 
combine Gilsonite with phenolics and alkyds. The 
result is a varnish with the highest degree of mois- 
ture, acid, and alkali resistance — extra-long life for 
all motor uses whatever your design problem. 

Special care in manufacturing—Quality control of 


all materials . . . careful inspection .. . rigid test... 
all of these add up to the highest quality standards 
in the industry to assure you of continuous fine 
performance, dependability under any condition. 

These and other Louis Allis extras—such as locked 
bearings for longer wear, positive lead identification 
for easier maintenance, and dynamically balanced 
rotor for quieter operation — could be the answer 
to your special design problems. 

The complete story is in our Bulletin 1700. May 
we send it to you? Contact your nearby Louis Allis 
District Office or write The Louis Allis Company, 
427 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE-SPEED DRIVES 
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Strip emerges after its treatment with Bonderite, 
corrosion resistant paint bond. 


Painted metal is slit to desired width and re-coiled 
as it emerges from finishing machine. 


Re-coiled, finished metal is cut, formed, and inspected 
here. No loss of paint adhesion. 


‘ 
‘ ¥ 
5 ; 
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Painted stock is fed into punch press for blanking into 
various shapes and sizes. 


Photos courtesy 
Hastings Aluminum Products, Inc., Hastings, Michigan 


PAR KE 


BONDERITE 
corrosion resistant 
paint base 


aids in cold forming rust resistant 


of metals 


72 Circle 458 on page 19 





BONDERITE and BONDERLUBE PARCO COMPOUND 


Bonderized... 
Painted... 
Formed... 


NO LOSS OF 
PAINT ADHESION! 


Here’s a production wrinkle that more 
and more manufacturers are using: 
Finish metal in the strip, then 
fabricate the product. 


The technique applies equally well on 
steel and aluminum. First, run the 

strip through the Bonderite machine to 
produce the integral conversion coating 
that supplies a secure anchor for 

the paint. Next, run the Bonderized 
strip through roll-coat painting and the 
bake oven. The painted coils of metal 
are ready for fabrication, and the 

finish doesn’t crack, chip or craze as it 
is formed, drilled, and punched. 


Fabrication after painting, made 
possible by Bonderizing, saves money by 
reducing labor, handling and manu- 
facturing area requirements, and allows 
higher production rates. 

Write or call for more information on 
how you can finish before fabrication 
in your plant. 

Bonderite, Bonderizing, Bonderized—Reg. U.S. Pat. Off. 


RUST PROOF COMPANY 
2193 E, MILWAUKEE, DETROIT 11, MICHIGAN 


TROPICAL 
heavy duty maintenance 
paints since 1883 


PARCO LUBRITE 
wear resistant for friction 
surfaces 


MACHINE DESIGN 








What every designer should know about 


INTERNAL GEARS and GEARING 


The internal gear, although it has certain limi- 
tations, has a number of advantages over the 
external gear, especially from the standpoint of 
compactness of design and more efficient tooth 
action. Most of the so-called limitations can be 
readily overcome by a proper understanding of 
the conditions to be met. 

These advantages and limitations are explained 
in “The Internal Gear”, a complete treatise on 
Internal Gear Design. This booklet contains in- 
formation on the design and cutting of internal 


PRECISION sieges 
LINE Pf 


EE 


gears, clutches and splines, the analysis of gear 
tooth action and the calculation of gear tooth 
strength. Just write to any Fellows office for 
your copy. 


Internal gears, as well as an almost unlimited 
variety of other internal contours, can be pro- 
duced at low cost on Fellows Gear Shapers. In 
many cases the same Gear Shaper cutter can be 
used to cut both the internal gear and its mating 
pinion. Production is as simple as the production 
of external gears. 
THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich, 
150 West Pleasant Ave., Maywood, N.J. 


5835 West North Avenue, Chicago 39 
6214 West Manchester Ave., Los Angeles 45 
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PETCH-HUPP RING-WEDGE ADAPTER 


NOW AVAILABLE TO STOP PIPE THREAD 
LEAKAGE WITHOUT SPECIFYING STRAIGHT THREADS 




















@Use with standard tapered female pipe Part No. Tube O.D. Used w/ NPTF 
threads 

821RW 6 %” y,” 
@No special tools required B21RW 6-6 %" %" 
@tTube end utilizes standard 37° Flare S21RW 8-4 2" %" 
fitting elements 821RW 8 ’ % 
821RW 8-8 ¥,” %" 
@RING-WEDGE male thread slotted allow- 821RW 8-12 %%" ¥,” 
ing O-ring seal contact independent of 821RW 10 5" Yq" 
port thread depth 821RW 12 %," %,” 
: F : 821RW 14 %" %,” 
@0.-ring does not interfere with threads slaw 16 1” 1" 
@0.-r1ing seals on port boss-spot face op- 821RW 20 1%,” 14%,” 
tional — no pipe sealing compound 821RW 24 1%” 1%” 
required 821RW 32 2 2° 












SALES—463 York, Detroit 2 
PLANT—Alpena, Michigan 


PETCH 
MANUFACTURING COMPANY 


H57 10M 1056 
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ALCOA’S 
UP-TO-DATER 
ON 


EXTRUDED SHAPES 


Four pages of news jam-packed with rules for 
using extruded shapes profitably, new 
solutions to design problems, solid data on 
costs, latest alloys and other information 

for today's young men who are getting ready 


to fill their bosses' shoes. 





here's the rule book for using 
extruded shapes to save time, 
trouble, money. 


In a nutshell, the biggest rule is: 
when you have a complicated 
cross section, it can usually be 
made as an extruded shape—and 
much more economically. Then, 
too, an Alcoa® Extruded Shape 
adds strength without adding 
weight. It cuts out welding, roll 
forming, riveting and eliminates 
costly machining. Here’s how: 

1. Instead of using-standard rolled 
shapes such as angles or I beams, 
consider a made-to-your-design 
extruded shape. It allows you to 
put the metal right where you 
want it and need it. Take a long 
column, for instance. An extruded 
shape with a cross section like a 
capital C will support almost twice 


the load as will a standard chan- 
nel of the same dimensions—and 
with less metal. Weighs less, too. 
Frees your imagination from 
standard shapes. 

2. If you’re building up sections 
using welded, riveted or crimped 
construction, take a hard, cost- 
reducing look at extruded shapes. 
Eliminate cost-increasing assem- 
bly work, cut out the chance for 
human error, save the money spent 
for jigs or crimpers. 

3. If you’re machining bars or 
rod into special angles, T beams, 
or other special long shapes, ex- 
trusions can be far less costly. 
Time-killing, costly machining is 
gone—so is scrap generation. 

4. If you’ve got a small part with 
a cross section that can be drawn 
in one plane, it can be extruded 
even if it’s complicated. 


Lots of them can be made at one 
time in the long length. Then, the 
pieces are just sawed off, like 
slicing bread. 

If you can doodle it, we can do it. 
If you can sketch the cross section, 
we can extrude it. All we need to 
start helping you is your sketch 
and invite. 


if you can doodle it, 


we can do if. 


advertisement 
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What’s new in problem solving ? 
Virtually every shape extruded in our five extrusion plants 
is new~-a probiem solver to a designer and his company. 


Across the top of the page are a few recent examples 
that we think interesting. Use them as idea starters. 


corkscrew extruded: 
spiral ribs 


Here’s an interesting extruded 
shape — a hollow tube with eight 
ribs spiraling down the outside. 
(We are making six- and 12-rib 
ones, too). It comes out in a long 
tube 20 feet long, six in. in dia. 
Alcoa’s diemakers and extrusion 
experts worked it out so the ex- 
trusion actually spirals out of 
the die. 
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extruded sunshades 


Here’s another special architec- 
tural shape, used for louvers or 
sunshades that are electrically 
operated and clock controlled to 
follow the movement of the sun. 
They run vertically over window 
walls. Light weight, high reflectiv- 
ity, beauty, natural resistance 
to weather, are reasons why alu- 
minum is the metal. Foreconomy, 
Alcoa extrudes in three pieces, 
which are dovetailed together 
during erection to make a louver 
12 in. wide, 1% in. thick. Walls 
are 0.063 in. thick. 


costs arelow... 
tooling costs are lower 


ne 
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complex extruded shape: 
special stool 


Typical of the many special ar- 
chitectural shapes is this special 
5 %-in.-wide “‘stool,”’ a horizontal 
member used in a curtain wall 
building. Top slot takes the glass 
panel stop; bottom one, the 
aluminum panel stop. Inner key 
with knob is made with special 
tolerance of + 0.005 in., takes 
fastener from vertical member. 
An extruded shape is the 
only practical way to make it. 
Bright, clean, rustproof Alcoa 
Extruded Shapes are universally 
used in building design. And 
color—an integral part of the 
metal surface—can be added. 
Maybe your shape isn’t as com- 
plicated as this part, but we bet 
this example starts your imagi- 
nation running. 


Costs?.... 


When a designez turns to extruded 
shapes for the first time, he’s sure 
costs are going up. Usually, he’s 
looking at extrusions because he 
thinks his part would be impos- 
sible to make any other way—or 
because its costs are great in fab- 
rication assembly. It’s always a 
big, pleasant surprise when he 
finds out that base costs are low. 
Tooling for an extruded shape is 
usually less than it is for other 
fabrication methods—casting, 
forging, stamping, special roll 
forming, or full machining. 

Die charges for average solid 
shapes: one fitting inside a 3-in. 
dia. circumscribing circle—a 











corner post: steel, 6'/4 ibs/ft; 
aluminum, 21/2 Ibs/ft 

Here’s a special truck-body shape 
used as a vertical corner post. It 
replaces a formed steel post. In 
steel, it weighs 6% lbs / ft; 
rustproof Alcoa Aluminum Ex- 
truded Shape: 2% lbs / ft. Cost 
and strength about the same. 
It’s easier to handle during as- 
sembly. When used as roof rail, 
it is available in one long length. 
In steel, the forming tool limited 
the length, making welding neces- 
sary. Better check on the cost- 
reducing possibilities in your 
rolled steel forms. Many designers 
are turning to structurals ex- 
truded by Alcoa—reasons: rust- 
proof, light, strong, available. 


little over $100; inside a 6-in. dia. 
circle—less than $400. Semihollow 
and hollow shapes run higher. 

Other cost factors: shapes cost 
more as they get thinner; the 
further you go from a symmetrical 
shape, the higher the cost. Some- 
times, the higher cost per pound 
of a thin section makes sense 
economically since the real cost is 
per foot or piece. 


standard stocked 
shapes and dies 
So far, we’ve been talking about 
special shapes to your designs, 
but that’s not the whole picture. 


extruded 1,000 feet long 


We’re often asked how long and 
big an extrusion can be. 10-30 
feet is usual, although that is 
often exceeded; 110 feet and more 


Here’s an extra-long one, 1,000 
feet. It’s 2-in. dia. cable sheath- 
ing, continuously extruded by 
Alcoa in a piece almost 1/5 of a 
mile long. Alcoa research and 
improved manufacturing meth- 
ods made it possible. It’s coiled 
on big reels, shipped to the cable 
plant where it is drawn over the 
conductor. Repiaces a lead appli- 
cation because of price, weight, 
availability, strength. 


...here’s the factual story 


Alcoa maintains stocks of many 
standard shapes at its distributors 
around the country—angles, bars, 
channels, H beams, I beams, tees, 
zees, etc. Hence, shapes, with 
high mechanical properties and 
smooth, bright finish obtained by 
extruding, can be had quickly— 
and without die charges. Certain 
architectural, truck-body and air- 
craft shapes are also stocked at 
distributors. Also standard (with- 
out charge) dies are maintained at 
the plants and available for mill 
production. Information on 
stocked shapes and available dies 
is as close as your phone. Use it to 
call your Alcoa sales engineer. 


other idea sparkers 


Other unusual extrusions that 
may spark an idea: wide inte- 
grally stiffened, ribbed panels 
that are extruded as a ““V” con- 
figuration, then flattened and 
processed to make a wider panel 
than the presses could make. The 
14,000-ton press makes pieces 40 
in. wide by this method. Another 
reason for “V’’ construction: 
costs are partly dependent on 
the size of the circumscribing 
circle. Also a ““V” shape can be 
made on a smaller press than 
would be needed if it was ex- 
truded flat. Dovetail, tongue and 
groove, shiplap, offset couplings, 
snap-fit joints are ways to multi- 
ply width without multiplying 
costs. 

Alcoa often extrudes ribbed 
panels in narrow width com- 
ponents to cut costs and obtain 
thinner panel crosssections. Then 
they are roll-locked (up to 24 in. 
wide) prior to delivery. Shapes, 
extruded in sections to interlock 
with each other, are common- 
place cost cutters in our plants. 
Here’s a “for instance.” Eight 
special shapes, 1% in. thick, 
dovetail together to make a com- 
plex 20-ft tube, 23 in. in dia. 


Previously, it was made by 
rolled plate riveted up into an 
assembly. Cost, when made 
as Alcoa Extruded Shapes, was 
slashed tremendously. 
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small parts...dozens at a time 


Often, small parts with one-plane cross 
sections can be made cheaply by ex- 
truding long lengths and then wacking 
off the parts. They are just sliced off 
like bread. Torque converter blades are 
a good example. They have a special 
tolerance of + .002 in. on the ordinates. 
Individual blades are cut off from long 
extrusions (they look like longitudinal 
slices of bent teardrops). Then they’re 
tumbled, drilled and pin-installed on 
the stator or turbine. Previous metnod 
was milling from bar stock. Costs and 
scrap loss are cut. 


what's new in alloys? 


Biggest news is the availability of super- 
strength, hard alloys 7178 and X7079 
for extruded shapes. Aircraft and missile 
designers are giving them their biggest 
play. Alloys 7178 and X7079 are a lot 
harder to extrude, a burden to the die 
designer . . . so costs are up. But so are 
the properties. 

Here’s a handy table of mechanical 
properties of the normal extrusion alloys 
in usual tempers. Where a range is 
given, properties depend on certain fac- 
tors (thickness, area, etc.). To find out 
the properties possible with your de- 


sign, check your Alcoa sales engineer. 
For any help on the proper alloy for 
your best balance between performance 
and costs, he is your great aid. Let 
him counsel with you. 


cry to the designer: 
up performance, 
down costs, 

beat competition 
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Extrusion Alloys, Minimum Mechanical Properties 


Ultimate Strength 
psi psi % in 2” 


Alloy Temper 


Yield Strength Elongation 





19,000 25 





18,000 
35,000 


53 to 58,000 


30,000 12 
50,000 12 
60 to 68,000 6-7 





19,000 


42 to 52,000 


35,000 12 
57 to 70,000 8-12 





16,000 
16,000 
35,000 


22,000 16 
26,000 16 
38,000 10 





16,000 
16,000 
35,000 


22,000 16 
26,000 16 
38,000 10 





10,000 (1) 
10,000 (1) 
16,000 (1) 
25,000 (1) 


22,000 (1) 14 (1) 
17,000 (1) 12 (1) 
22,000 (1) 8 (1) 
30,000 (1) 8-10 (1) 








24,000 


68 ot 72,000 (2) 


(1) 0.500 in. and less, thickness 


40,000 10 
78 to 80,000 (2) 6-7 (2) 


(2) 5.000 in. and less, thickness; maximum areas 32 sq in. 
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straight talk 

Today’s big cry to the designer is: up 
performance, down costs, beat compe- 
tition. Often, his answer lies in Alcoa 
Extruded Shapes. The way to start? 
Call your Alcoa sales engineer. He’s 
listed under ‘“‘Aluminum”’ in the Yellow 
Pages. He can contribute good, solid 
technical thinking at any stage of your 
project. The best time to call him in is 
at the “pre-drawing board” or “‘doodle”’ 
stage. Use him—that’s his job. 

He’ll have a copy of the new booklet, 
Alcoa Aluminum Extruded Shapes, 
under his arm for you. It’s packed full 
of technical data and tables to make 
your work lighter. If your work is in 
aircraft, involves really big extrusions, 
or extremely -thin sections, he’ll trot 
out your copy of Alcoa’s new 36-page 
design book on the design horizons 
opened by the 14,000-ton press. Or 
write for your copy of either booklet; 
better yet, write for both. ALUMINUM 
CoMPANY OF AMERICA, 1909-C Alcoa 
Building, Pittsburgh 19, Pa. 





ALUMINUM 
EXTRUDED SHAPES 


Your Guide 
to the Best in 
Aluminum Value 


Litho in U.S.A. 





EFFICIENT NEW i 


for latest NEMA motor sizes... 


LINK-BELT Motogear designed for 
bracket-mounting foot-type motors 
of any manufacturer 


Immediately available from stocks near you—new Link-Belt Moto- 
gears in sizes up to 60 hp, output speeds from 280 down to 6 rpm. 


Wherever space is restricted . .. where downtime means a costly break in 
production continuity—Link-Belt Motogears soon pay their own way. In 
addition to easy motor replacement—simplified ratio changes and quick 
accessibility of parts for maintenance offer major service savings. 

Contact your nearby Link-Belt office for facts. Ask, too, about the 
new flange-mounted Gearmotors stocked in sizes up to 30 hp. Or write 
for Book 2447, giving details of both. 


ENCLOSED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt 
Plants, Sales Offices, Stock Carrying Factory Branch Stores and Distributors in All Principal Cities. Export 
Office: New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), N.S.W.; South 

Africa, Springs. Representatives Throughout the World. 14,318 
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EASY MOTOR REPLACE- 
MENT— Remove four mount- 
ing bolts and separate coupling. 
Oil drainage is unnecessary. 
Sturdy bracket design aids 
motor re-alignment. 


ABILITY TO ACCOMMO- 
DATE A WIDE RANGE OF 
MOTORS meets emergencies, 
minimizes downtime. 


RIGIDITY of high-speed shaft 
and pinion is provided by 
straddle-mounting — extremely 
important in coping with shock, 
reversing or heavy loads. 


ONE LOW-SPEED GEAR SET 
per drive size and maximum 
ae of all operating 
parts simplify inspection, main- 
tenance and ratio changes. 





TWO MORE MANUFACTURERS TAKE 





OF THE EXTRA SALES VALUE OF 


HE GRAMIX LABEL 


(PRODUCTS OF POWDER METALLURGY) 
THE SIGN OF A QUALITY COMPONENT 


The GRAmIx label, indicating that a product 
utilizes one or more GRAMIX parts or bearings, is 
helping to boost sales appeal at the point-of- 
purchase. This seal means that quality compo- 
nents are incorporated in the product. Every day 
GRAMIX parts are finding more and more applica- 
tions. And for good reason: GRAMIX alloys have 
excellent bearing and mechanical properties. 
Because of their porosity, GRAMIX parts can be 
impregnated with oil during manufacture, to 


The Gramix label— available at no cost to you— 
comes to you in handy rolls, with adhesive backing, 
along with an easy-to-use dispenser. Labels can be 
quickly and easily applied (at final inspection, for 
instance) giving your product extra sales-appeal 
for just a few seconds’ time spent. 


make them self-lubricating. GRAMIX bearings and 
parts are mechanically strong, durable and highly 
resistant to wear. GRAMIX parts are equal, and in 
many Cases superior, to machined parts and can 
be produced in relatively intricate shapes with 
tolerances as close as .0003”. And best of all, 
GRAMIX parts are being produced at a fraction of 
the cost of forged or machined parts of similar 
design. It is likely that there is a place for GRAMIX 
in your products. 





THE UNITED STATES 


GRAPHITAR® carson-crapnitt » GRAMIX” sinteneo mera parts © MEXICAN” crapuine prooucts * USG” prusues 
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ADVANTAGE 





Modern Eskimo fans, manufactured by the 
Bersted Manufacturing Division of McGraw 
Edison Company, Boonville, Missouri, are the 
result of many years’ experience in the manu- 
facture of efficient and dependable appliances. 
Eskimo fans spin on Gramix bearings and 
therefore operate hour-after-hour, day-after- 
day, and year-after-year without fail. Eskimo 
fans carry the GramIx label, for added sales 
appeal at the point-of-purchase. Write today 
for your copy of GRAMIX bulletin No. 21. 


The Thor Speed Drill, produced by Speedway Manufactur- 
ing Company of Cicero, Ill. (Division of Thor Power Tool 
Company) gives professional performance yet sells at an 
“‘amateur”’ price. GRAMIX bearings help contribute to both 
the high performance and modest cost of these fine tools. 
The GRamix label assures the user that Speedway power 
tools are tools of dependability. 


These Gramix self-aligning bearings 
are typical of the type being used in the 
Eskimo fans and Speedway drills. 
“ Write today for this book. Engineering 
=, { // Bulletin No. 21 gives the full story on GRAMIX. 
/ Be sure to write for your copy. 
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GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 7, MICHIGAN 
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Four CHAIRS ARE EMPTY 
IN OUR COMMUNITY 
WHY ? 

BECAUSE OF UNGUARDED PTO. SHAFTS 


mm | 


Farm implement dealers cooperated 


with the Watonwan County, Minn., 
Safety Council, to stress the dangers of 


all ’ a = " ‘ - : 
DON'T You ADD ANOTHER : Patek rip derg tel 
VAC ANT CHAIR oe mean “empty tractor seats” too! 


Photo courtesy of 


| THIS 
p ISTHE ONLY Y SAFE Way | retains 


BLOOD BROTHERS Integral 
Safety-Shielded Drive Lines help farm 
implement dealers keep their customers safe! 


For humanitarian reasons—and wise business practice as well—it pays to increase the cus- 
tomer’s safety in every possible way. As proof of great progress in the farm implement field, 
Blood Brothers reports an increase of over 300% in the demand for Integral Safety-Shielded 
Drive Lines during the past year alone! 

Some manufacturers are supplying Integral-Shielded Drives exclusively on a// power take-off 
implements they build. This trend to greater safety helps implement builders—dealers— 
users—everyone! 

Saleswise, Blood Brothers Integral-Shielded Drive Lines are helpful too. They offer a strong 
“plus” selling feature that proves you place the farmer’s best interests foremost. Designed to 
avoid careless or absent-minded removal, they'll be in place to protect implement operators 
at all times. 

If you build implements, write for information on the sizes you need. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED 


BLOOD BROTHERS 
MACHINE DIVISION UNIVERSAL JOINTS 


~~ AND DRIVE LINE 
ROCKWELL SPRING AND AXLE COMPANY ASSEMBLIES 
ALLEGAN, MICHIGAN 
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No long and costly ''down time’”’ involved 


Motors can be interchanged or replaced in minutes with the all-steel, 
All-Motor type FALK Motoreducer. No long and costly “down time”’ is 
involved in making the change! 

Best of all, replacement is not limited to original make of motor—new 
NEMA frames may be substituted for old. This versatile Motoreducer 
operates with any make, speed or type of standard foot-mounted motor 
within its AGMA rating. No modification, no special shaft, no “partial” 
motor required. 

In addition to unmatched motor interchangeability, this dependable 
gear drive—the “work horse of industry”—offers: widest choice of 
output-shaft position (horizontal, vertical, right-angle)...any output- 
shaft connection. ..any mounting, including wall and ceiling. . .standard 
speed range from 1.5 rpm to 1430 rpm. All these advantages, plus 
proved efficiency, low maintenance and extra-long life, make the All- 
Motor type FALK Motoreducer your best buy for any job requirement. 

Furnished in sizes up to 75 hp with any make, style or type of motor; 
or, without a motor if desired. FALK Motoreducers are available from 
convenient factory, field or distributor stocks, from coast to coast. 


Write for Bulletin 3100 
THE FALK CORPORATION, MILWAUKEE, WISCONSIN 


MANUFACTURERS OF: 
@ Motoreducers @ Single Helical Gears 
© Speed Reducers © Herringbone Gears 
© Flexible Couplings © Marine Drives 
© Shaft Mounted Drives ¢ Stee! Castings 


@ High Speed Drives © Weldments 


— J 
© Special Gear Drives © Contract Machining oof good hame in industry 
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FALK “IN-BUILT” FACTORS 
assure full dependability — 
better service—longer life 


ALL-STEEL HOUSINGS 
Rugged, strong, rigid 
..-all parts heavy steel 
plate, formed and 
welded in the Falk 
Weld Shop. 


LARGE OVERHUNG 
LOAD CAPACITY 
Large shafts, oversize 
bearings...rigid 
mountings with wide 
bearing spans to han- 
die maximum loads. 


PRECISION GEARING 

Heat-treated alloy 
steel gearing, preci- 
sion cut and shaved 
after heat treatment 
to eliminate distortion. 


SEALED HOUSINGS 
Splashproof, 
dustproof, oiltight. 
Dual closures and 
one-way vents keep 
oil in, dust and mois- 
ture out. 





He's shooting for perfection 


This earnest young man is intent on turning out a perfect 
sheave. From the looks of the job, we'd say his chances are 
fine. Best-looking sheave wheel we've seen in quite a while. 

He has done his machining with great care, and with com- 
plete confidence. That confidence is warranted, for the wheel 
was first a Bethlehem steel blank, made by Bethlehem’s 
forging-and-rolling process. 

If you've never seen this method of manufacture, let us 
explain it briefly. It employs a mill that is the only one of 
its kind in the entire country. Blanks are not just forged, not 
just rolled, but bot —in a single operation that produces 
high strength and very desirable grain flow. 


That high strength is important. Equally important is the 


way the blanks machine. In the customer’s shop, machinists 
can do their job with assurance, knowing that the metal 
underneath is as firm and “sweet” as that on top. 

Bethlehem forged-and-rolled blanks are available for a 
long list of applications, including spur, bevel, miter, and 
other types of gears; crane and sheave wheels; turbine rotors, 
clutch drums, brake drums, flywheels, pipe flanges, and 
numerous others. You can obtain the blanks in sizes from 
10 to 42 in. OD, untreated or heat-treated. For full details, 
ask for Booklet 216; it will be sent to you promptly. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL gu 
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Dial faces of LUCITE” 
molded with 
integral hairline 
cut production costs 


The precision with which Du Pont 
Lucite acrylic resin can be fabricated is 
demonstrated by this hairline molded 
into one surface of a potentiometer dial 
face. The hairline is a half-round recess 
transferred directly from the die. The 
dial face replaces an assembly having a 
soldered wire hairline and a glass win- 
dow, at a saving of $1.80 per unit. The 
parts made of Lucire are economical to 
fabricate and withstand shock. 

Lucire offers outstanding transpar- 
ency, transmitting about 9240 of imping- 
ing light. Lucire also has the ability to 
“pipe” light. In this instance, the clear 
Lucire of the dial face transmits the 
“darkness” of the encasing black panel 
to the hairline, so that it is unnecessary 
to fill the hairline with black paint. The 
dial faces have been in service for more 
than two years with satisfactory results. 

Lucire is available in a wide range of 
sparkling, non-fading colors. It is shat- 
terproof, light in weight, and resistant to 
weathering and many chemicals. LUCITE 
is fabricated economically by injection- 
or compression-molding, or extrusion. 
Du Pont Lucite may be able to solve a 
design problem for you, particularly 
where high-grade optical qualities are 
required. Clip the coupon for more in- 
formation about LuciITE acrylic resin. 








This portable potentiometer, employed as a 
millivolt indicator, is manufactured by Leeds 
& Northrup Company, Philadelphia, Pennsyl- 
vania. Inset shows dial face of Du Pont LUCITE 
acrylic resin used in the instrument. 





PROPERTY AND APPLICATION DATA 
ON THESE VERSATILE ENGINEERING MATERIALS 
“ZYTEL,”” “ALATHON,’ 


TEFLON LUCITE 


Precision molded parts 
of ZYTEL® can eliminate 


costly machining operations 


pee 


“Likwidurn” soap dispenser manufactured by American Dispenser Company, 


Inc., New York, New York. Replacement of stainless-steel parts in valve assembly 


with parts of ZyTeL nylon resin afford substantial cost reductions. 


Parts of ZYTEL nylon resin feature 
a high degree of durability, a low 
coefficient of friction, and good 
chemical resistance. Products mold- 
ed of Du Pont ZyTEL are tough and 
strong, even in thin sections. They 
have excellent form stability at tem- 
peratures as high as 250°F. Cost 
Savings are possible in many appli- 
cations because components of 
ZYTEL usually require no secondary 
finishing. Frequently, a single part 
molded of Du Pont ZyTEL can re- 
place an entire complex assembly. 

The “Likwidurn” soap dispenser, 
shown above, is designed to deliver 
a measured amount of liquid soap 
at each stroke of the valve. Accu- 
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rate fit of the valve parts is essential 
to assure proper operation. The 
valve must also remain unaffected 
by the concentrated soap solution. 

ZYTEL nylon resin was chosen 
for this application, because it is 
economical to mass-produce parts 
injection-molded to close toler- 
ances, which need no further finish- 
ing. The use of ZyTEL eliminates 
machining of the stainless steel, 
effecting substantial savings in man- 
ufacturing costs. In addition, the 
weight of the unit is reduced. 

Evaluate ZYTEL in terms of your 
own design needs. Property and 
application data are available 
without obligation. 





PROPERTY AND .APPLICATION DATA 
ON THESE VERSATILE ENGINEERING MATERIALS: 
“ZYTEL,”’ ALATHON,” “‘TEFLON,”’ “LUCITE.”’ 


NA 


High-speed bearing of TEFLON® 

















NyLaire — frames 

of ZYTEL® feature 
exceptional strength... 
attractiveness 


Styled eyeglass frames of ZYTEL nylon 
resin withstand hard usage without 
breaking, combine attractive design 
with durability. ZyYTEL can be molded 
in colors, so frames are offered in a 
selection of 34 permanent shades. 

Fashion-conscious purchasers are 
pleased by smoothness, resiliency, and 
light weight of ZyTEL. Du Pont ZYTEL 
is distinguished by its toughness, form 
stability, and chemical resistance. 
These eyeglass frames are one interest- 
ing application of ZYTEL, which utilizes 
a number of the properties of this versa- 
tile engineering material. The use of 
ZYTEL may solve a design problem for 
you. (Nylaire eyeglass frames are man- 
ufactured by Limited Editions, Inc., 
Linden, New Jersey.) 





resists corrosive attack, 


needs no lubrication 





Cutaway portion of submersible pump shows 
bearing assembly of durable TEFLON tetrafluoro- 
ethylene resin. Assembly consists of shaft:sleeve, 
tapered bearing, and lock nut. (The pump 
shown above is manufactured by ECO Engi- 
neering Company, Newark, New Jersey.) 





DROPPERS ARE UNBREAKABLE 


Medicine droppers with unbreak- 
able pipettes made of ALATHON® 
polyethylene resin give a regulated- 
size droplet. Lines can be printed 
on the pipette to indicate dosage. 
Smooth, highly transparent ALATHON 
reduces danger of injury to delicate 
tissues from accidental movements. 
(Made by PharmaPlastics, Inc., 
Baltimore, Maryland.) 
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E. I. DUPONT DE NEMOURS & CO. (Inc.), POLYCHEMICALS DEPARTMENT 
Room 143, Du Pont Building, Wilmington 98, Delaware. 


A new bearing assembly of TEFLON 
tetrafluoroethylene resin has greatly 
broadened the range of applications of 
this chemical sump pump. 

Due to the inherent surface “slip- 
periness” of TEFLON (kinetic coefficient 
of friction of only .04), no auxiliary 
lubrication of the bearing is necessary. 
Contamination of pharmaceuticals and 
sensitive materials by contact with lu- 
bricants is therefore prevented. 


TEFLON is tough and durable. This 
permits the pump bearing to withstand 
high radial and tangential stresses at 
speeds of 3,540 rpm or higher for ex- 
tended periods of time. The bearing is 
capable of continuous operation in the 
presence of product suspensoids and 
foreign abrasive matter such as tank 
scale. Bearings of TEFLON permit either 
chemical or steam sterilization. 

Du Pont TEFLON tetrafluoroethylene 
resin has outstanding chemical inert- 
ness. This engineering material is not 
affected by aqua regia or other acids. 
Alkalies in any concentration do not 
react with it. TEFLON is inert to nearly 
all chemicals and solvents normally 
used in commercial practice. Excep- 
tions to this include attack by the alkali 
metals under certain conditions. At ele- 
vated temperatures and pressures, halo- 
gens and certain halogenated chemicals 
and solvents may affect TEFLON. 

Du Pont TEFLON offers a distinctive 
combination of mechanical, electrical, 
and chemical properties. Use of TEFLON 
has frequently resulted in more effi- 
cient, economical, and compact de- 
signs. In your applications, too, TEFLON 
may be the means of economizing on 
materials and costs or solving a tough 
design problem. For more details on 
how TEFLON can help you, clip and 
mail this coupon. 
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In Canada: Du Pont Company of C da (1956) Limited, P. O. Box 660, Montreal, Quebec. 


Please send me more information on the Du Pont engineering materials checked: 
[-] Zyret; [-] ALATHON; [_] TEFLON; [_] Lucite. | am interested in evaluating these 
materials for: 


NEED MORE 
INFORMATION? 


For further details that will help you 
evaluate these Du Pont engineering ma- 
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GOMPANY : oe ee arr aan terials for use in your product develop- 
STREET ment programs, mail the coupon at left. | 
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You're the 


OSs 


when you design 
with Ampco Alloys 


You're not limited to a single 
copper-base alloy or a single form 


Your design behaves the way you want it to, 
after it takes shape in one of more than 100 
Ampco alloys. 


Why? Because whether you are looking for 
resistance to wear, impact, fatigue, or corrosion, 
Ampco has a tailor-made alloy to meet 
your requirements. 


And besides, you have flexibility in selecting 
the most economical form of production. 
Why? Because Ampco is available in 
sand-cast, centrifugally-cast, shell-molded, 
precision-cast, fabricated, forged, extruded, 
and sheet and plate forms. A call to your nearby 
Ampco field engineer will get you an unbiased 
recommendation. 


Write for Bulletin 33 describing the 
Ampco Metal series of alloys. 


Meter housings and fluid 
ends. Ampco produces sand 
castings like these up to 
14,000 pounds — and 
centrifugal castings up to 


Ampco’s one-source service includes 2,275-ton hydraulic press in Ampco’s five tons, 


production-run machining of Ampco modern, laboratory-controlled mill for 
copper-base alloys to the quality extruding rods, bars, hollow rounds, 
standards of the aircraft industry. and shapes. 


AMPCO METAL, INC. __ Dept. MD-3 Milwaukee 46, Wisconsin * West Coast Plant: Burbank, California 


CAST -.TO - SIZE CASTINGS 


SAND CASTINGS CENTRIFUGAL CASTINGS FABRICATIONS FORGINGS 


SHELL-MOLDED CASTINGS EXTRUSIONS SHEET AND PLATE MACHINED PARTS 
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Rollway roller bearings regularly offer performance 
capabilities for more than the needs of today. They are continuously 


anticipating the operating requirements of years ahead, 


Wherever bearing precision and load values are important 
in your plant or products — for original equipment or replacement 
service — call on Rollway bearings of the future, to give you tie utmost 
performance in your machines of today. Rollway Bearing Company, 
Inc., 549 Seymour Street, Syracuse 4, N. Y. Manufacturers of a 
complete line of radial and thrust cylindrical roller bearings. 


Rollway Maximum 
Bearings are used in 
Lapointe Broaching Machines 


Maximum 


ROLLER BEARINGS 


ENGINEERING OFFICES: Syracuse * Boston + Chicago * Detroit - Toronto + Pittsburgh + Cleveland - Milwaukee « Seattle * Houston * Philadelpia * Los Angeles * San Francisco 
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Wherever your machinery is shipped... 


the performance and the name 
are the same around the world! 





F. YEARS SHELL TELLUS OIL has been top-rated as 
both a lubricant and a control fluid for complex hydraulic Machinery manufacturers: 
systems. Its ability to combat foaming, oxidation, rust, Sieidiattenininains seitnnanin academia Meal See 
sludge-formation and wear has earned it nation-wide Shell Tellus Ol that your domestic customers en- 
popularity. joy. And this same uniformity applies to 

You may be glad to know that the equipment you man- SHELL TURBO OIL — gives anti-wear lubrica- 
ufacture can get the same efficient protection in foreign tion for utility, industrial and marine turbines 
countries. Tellus* Oil is available to your foreign cus- : 
tomers from near-by points. It will be the same Tellus Oil earanrdpeneieagsidl psn tp eh eee 
that your domestic customers rely upon. Write Shell Oil 
Company, 50 West 50th St., New York 20, New York, or SHELL INDUSTRIAL LUBRICANTS 
100 Bush Street, San Francisco 6, California. 


*Trademark 


SHELL TELLUS OIL 


industrial grease, and a complete line of other 
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Model . 


Now, all the advantages of the 
big, rugged, service-tried-and-tested 
Fuller RoADRANGER Transmissions 
are packaged for the first time in 
this smaller, new R-35 ROADRANGER 
Transmission. This 7-speed Roap- 
RANGER is designed to provide drivers 
of smaller trucks and tractors with 
the same positive ROADRANGER con- 
trol-—the same ease of shifting pro- 
vided by the larger ROADRANGERS. 

With the R-35 ROADRANGER, shifts 
are simple, short, fast. Yet the driver 
has 7 forward speeds available in 
progressive and selective steps, with 
closely spaced and equal ratios in 
the operating range. The 7 forward 
speeds, and 1 reverse, are shifted by a 
single lever—there is no gear split- 
ting. It is a unit transmission with 7 
speeds—there is no auxiliary section. 


Regardless of time, traffic and ter- 
rain, the Fuller R-35 RoADRANGER 
Transmission gives the driver imme- 
diate and complete control of every 
operating situation. 


Owners and operators can now 
specify the R-35 ROADRANGER Trans- 
mission. They can now obtain the 
same results provided by the larger 
ROADRANGER Transmissions .. . 
faster trip time, lower fuel consump- 
tion, longer engine life, less driver 
fatigue. For complete details, check 
with your truck dealer today, or write 
Fuller Manufacturing Company. 





RATIOS 
Gear Standard* Optional** % Step 
Seventh.. 1.00 1.00 #33 24** 
Sixth .... 1.33 1.24 
Fifth .... 1.794 1.67 ~— 
Fourth ... 2.416 2.25 ene 
Third .... 3.298 3.06 gg 
Second .. 4.90 4.55 “< 
First .... 8.20 7.62 -_ 
Reverse... 7.63 7.09 weal 
Weight ....... 375 Ibs. 
Oil Capacity... 16 pts. 


S 


a new Ligh? 















ag Get famed aH 


7 


in a compact package... for 
having up to 400 cu. in. of piston 


No gear splitting—7 selec- 
tive and progressive gear 
ratios 


Easier, quicker shifts— 
closely spaced and equal 
ratios in the operating range 


One shift lever controls all 
7 torward and 1 reverse 
speeds 


Engines work in peak hp 
range with greater fuel 
economy 


Less driver fatigue—'s less 
shifting 


Compact unit transmission 
—only 375 lbs., approxi- 
mately 26 25/32 inches in 
length 


FULLER MANUFACTURING COMPANY, Transmission Division, Kalamazoo, Michigan 
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‘MICRO-FOG 
LUBRO-CONTROL UNIT 


ee BEARING INCHES pen MACHINE 


ELEMENTS ° 











AUTOMATIC. fin-£4! LUBRICATION 


FOR ALL ELEMENTS OF A MACHINE 


One Lubricator Per Machine — Model 33AL-4 (%2”) Lubrication Unit automatically 
creates fineiy divided air-borne oil fog. Completely lubricates a machine having a 
maximum requirement of 100 bearing inches. 


Better Lubrication — Continuously applies protective film of fresh oil to lubrication 
points. Never periods of too much or too little lubrication. 


Compact, Complete, Attractive — Measuring only 6-1/32”x 6-1/32”x 5-3/16”", 
cabinet contains air filter, pressure regulator, MICRO-FOG Lubricator. 


Visual Oil Feed — Oil feed is readily visible, 
providing positive proof of lubrication. 
No guesswork. 








For complete information on MICRO-FOG 
Lubrication for all bearing inch requirements, 
call your nearby Norgren Representative 
listed in the telephone directory —or 

WRITE FOR FACTORY LITERATURE. 


C.A. NORGREN CO. 


3442 SOUTH ELATI STREET ° ENGLEWOOD, COLORADO 


by Norgren 


ee 
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You don’t have to wait ii “wonder alloys” 


Remarkable temperature compensation, controlled low 
expansion, high permeability, predictable response to 
very weak electrical signals, improved glass-to-metal 
sealing are here today. 

In miniaturization, instrumentation, electronics 
wherever the push is on to make products smaller, 
lighter, more accurate . . . new challenges are being 
met every day by Carpenter High Nickel Alloys. 
Today, Carpenter has the most complete line of proven 
alloys available for these specialized applications. Let’s 
discuss their part in your present and future NOW! 





Complete information on Carpenter High Nickel Alloys is 
contained in the most authoritative and useful set of book- 


Iets ever published on this type of alloys. We'll be glad to bP , 
see that you get the data you need if you'll drop us a line [i Zs 


on your Company letterhead. 
) ) 


high nickel alloys 


The Carpenter Steel Company, 120 W. Bern St., Reading, Pa. 
Export Dept.: The Carpenter Steel Co., Port Washington, N. Y —“CARSTEELCO” 
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Dia. or 
Distance 
Across 


Flats 


‘Ba 


sed 


WEIGHT TABLE > 


Decimal 
Equivalent 


density of 02 Ib 








Work it out... 


O determine difference in cost between brass and aluminum, 


| Hexagon first figure total length of part including cut-off width. 


From weight table calculate pounds required to make 1,000 
pieces from brass and from aluminum using this formula. 


Wt. per foot of stock X total length of Part X 1,000 
12 


The total material cost for 1,000 parts of both brass and alu- 
minum is then obtained by multiplying pounds required by 
price per pound* ahd subtracting value of scrap generated per 
1,000 parts. 

*A LUMINUM — use per pound price for 2,000 to 4,999 pounds. 
BRASS — use per pound price for 10,000 pounds. 


ALLOY WEIGHTS 





Aluminum Alloy Density Ib. /cu. in. Wt. Conversion Factor 
2011 .102 1,00 
2017 101 99 
2024 .100 98 
6061 .098 96 
Brass (free cutting) 307 3.01 


CONVERSION WORK SHEET 


STOCK SIZE: " PART NO. 
LENGTH OF PART:___ 

CUTOFF WIDTH: 

TOTAL LENGTH: 








PART NAME: 








POUNDS OF REQUIRED FOR 1,000 PIECES: 


pe per foot of stock X total length of Part X 1,000 
12 


| ee a ae 
LESS_____% SCRAP =___LBS. @___/LB. = $___ eae 








COST OF MATERIAL FOR Pas § 








POUNDS OF ALUMINUM REQUIRED FOR 1,000 PIECES: 


he per foot of stock X total length of Part X 1,000 
12 


LBS. @ PER LB. = $ 
LESS_ IRAP =_____ 186. O/B, = $e .. 
COST OF MATERIAL FOR ALUMINUM PARTS . . $ 








IN $ 
IN ALUMINUM $ 
SAVINGS PER 1,000 PCS. $ 








% SAVINGS 








MACHINE DESIGN 





If your job is to design screw machine 
parts...work out your own examples... 
see how much you save by converting 
from brass to Kaiser Aluminum... 
gain advantages in high performance 
characteristics, less costly handling 
and shipping, stable material cost , 





easy machinability with... 


Kaiser Aluminumé..\, 


For complete information and expert assistance, call one of our many distributors, or look for our 
local number in your classified telephone directory. 


Kaiser Aluminum & Chemical Sales, Inc., General Sales Office, Palmolive Bldg., Chicago 11, 
Illinois; Executive Office, Kaiser Bldg., Oakland 12, California. 


\J 


; See ‘THE KAISER ALUMINUM HOUR.” Alternate Tuesdays 
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exacting design specifications deserve 
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FACTORY REPRESENTATIVES: 


Actual Size 


THE QUALITY BUILT 
SYNCHRON LINE 
BY HANSEN 


WRITE TODAY 
FOR FULL 
INFORMATION 


8 IN. OZ. STANDARD TiM- 
ING MOTOR 

An industry standard for 
timing machines, time 
switches, air conditioning 
and heating controls, ac- 
tion displays, signs, record- 
ing thermometers and tim- 
ing devices. Guaranteed to 
pull 8 in. oz. direct load 
continuously at 1 r.p.m. 


NEW 1 R.P.H. TIMING 
MOTOR 

Especially developed for 
“slow-motion'’ timing ap- 
plications. Eliminates need 
for extra reduction gears 
between 1 r.p.m. and 1 
r.p.h. in intermittent time 


trains. Lifetime lubrication, 
enclosed and maintenance 
free. Guaranteed 20 in. oz. 
at 1 r.p.h. (1/60 r.p.m.j 


20 IN. OZ. 
MOTOR 


Ideal for timing motor ap- 





BY WCW WO! 


TIMING MOTORS 


FOR DEPENDABLE POWER IN CONTROLS AND TIMING 
DEVICES ... CHOOSE A PRECISION - MADE TIMING 
MOTOR FROM THE SYNCHRON LINE ... BY HANSEN 


Here's why you can put your trust in SYNCHRON TIMING MOTORS. 
Synchron's precision engineering and quality controlled production assure 
your design of dependable, trouble-free power. Quality guaranteed by 51 
individual lab tests and inspections, Synchron timing motors have proved 
their worth in countless power applications. You can always depend on 
Synchron for dependable torque power for your designs. 


ay 


& 
hp 


“Workhorse of the industry” 
Synchron synchronous motors operate smoothly, evenly in any position; 


at temperatures from —40° to +140°F.; start instantly under load; pull 
up to 20 in. oz. at 1 r.p.m. 42 speeds available; 0.8 r.p.m. to 600 r.p.m. 


MAGNATORC D.C. MOTOR 
Designed originally for 
World War Il aircraft in- 


SYNCHRON CLOCK MOVE- 
MENTS 
Split-second accuracy and 


HIGH TORQUE 


plications requiring con- long wearing construction, strument and radio control 
tinuous high torque power. never needs oiling. Front, mechanisms. Now being 
Dependable, instant start- rear or bottom set, with or used for commercial ap- 
ing, durable and accurate. without dustproof = case. plications demanding ex- 
Operates in any position. Simple mounting cuts pro- ceptional durability and 


Guaranteed 20 in. oz. at 1 


r.p.m,. 


duction and assembly costs. dependability. 


Synchron timing motors in all speeds available for prompt delivery 


SYNCHRON” @ 


i 


HANSEN MFG. CO., INC. 


OuR SOTH 


YEAR 


The Fromm Co., 5254 W. Madison St., Chicago, IIL. 


SYNCHRONOUS MOTORS, TIMING MACHINES, 
CLOCK MOVEMENTS, MAGNATORC D.C. MOTORS 





Princeton 12, Indiana 





e R. H. Winslow Assoc., 123 E. 37th St., 


New York, N.Y. @ Electric Motor Engineering, Inc., 8255 Beverly Blvd., Los Angeles 48, Cal. and 3907 Lyon Ave., Oakland, Cal. 
e H. C. Johnson Agencies, Inc., Rochester, Buffalo, Syracuse, Binghar:ton, N.Y. 
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Now...Local Availability on 


Titeflex 
Flexible Metal Hose 


for conveying 
“Problem” Liquids and Gases! 


Titeflex Hose solves scores of problems in convey- 
ing organic and volatile liquids as well as corrosive 
gases. Connects moving and/or misaligned machine 
parts, other terminal joints. Withstands high 
extremes in temperature, pressure. Absorbs vibra- 

tion, shock, and flexing . . . with ease. Sizes %" to 

3” Other tough conveyance problems are solved 


with Titeflex flexible hose made of TeFrLon* in 
sizes of 14” to 114”. 


Titeflex 
Quick-Seal Couplings 


—the ideal “‘connecting mate”’ for Titeflex 
Hose or any other kind of quality hose. Con- 
nects or disconnects in ONE second and 
... the higher the pressure the tighter the 
seal! 
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Both these time-tested products are avail- / 
able for immediate shipment from distri- ” 
butors’ stocks in most areas. Otherwise 


write, wire, or telephone direct. , 


1 ieee: 
x 2 
| 


*Du Pont trademark for its tetrafluoroethylene resin é ; 
ae . } 
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CALL YOUR LOCAL 


~ DISTRIBUTOR Your one source 
\ Consult the. for both 
\ y-~ yellow pages Hose and Couplings 


of your telephone directory 


TITEFLEX, INC., 508 HENDEE STREET, 
March 21, 1957 
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At British Columbia Power Commission’s Ladore Dam, 96-inch free-discharge water. Inverted cones on downstream ends are one- 
Howell-Bunger valves dissipate energy from a 75-foot head of piece Lukens spun heads, a money-saving application. 


Amazing what you can do...and save... 
designing with Lukens Heads 


@ Ever think how Lukens standard head shapes Lukens heads may well improve your equip- 
might simplify the design of your machinery? Or ment design, reduce cost. The resources of Lukens’ 
permit entirely new design? Engineers at S, Mor- __ fifty years of leadership in producing heads for 
gan Smith, for example, build their huge Howell- many applications are at your service. Would yg@ 
Bunger valves using conical Lukens heads at the _ like technical details? Write for Catalog 658, “Pric- 
discharge end. Pre-formed heads reduce design ing and Engineering Data; Lukens Steel Company, 
complexity, eliminate costly fabrication steps. Coatesville, Pennsylvania. 


Lukens Offers the World's Broadest Line of Spun and Pressed Heads of Carbon, Alloy and Clad Steels 


CON eemmnens 


FLANGED AND SHALLOW STANDARD FLANGED FLANGED AND DISHED 
DISHED AND DISHED AS.M.E CODE 





FLANGED ONLY 


FLANGED AND DISHED TOED OUT FLANGED ELLIPTICAL DISHED 
BELLED ONLY 


FLANGED AND CONICAL FLANGED 
DISHED HEMISPHERICAL 


Shes ay Se : er ie rai 
pita ta : Ss ‘ i ene ae 
TOED IN FLANGED FLANGED ONLY BELLED STANDARD FLANGED FLANGED ONLY, FLUED 
Only AND DISHED, FLUED 








Circle 478 on page 19 MACHINE DESIGN 








Belleville Spring 


Solve Spring Problems of 
HIGH LOADS 
in a Limited Space 


This useful type of spring may be the answer to your need where 

space and load requirements are a problem. Made to any di- 

ameter or thickness —can be stacked in series, parallel, or parallel- 

’ series, or as an Energy * Cartridge.’ The experience of our engi- 

0 wane ees neers is available in a pamphlet, ‘Belleville Washers.”’ Write for 
35 LBS. AT .250 DEFLECTION your copy. 


125 THICK STEEL 


4 WASHERS 
IN PARALLEL 


8000 LBS. AT 
.025 DEFLECTION 


DIVISIONS OF Te so s Ww — 
ASSOCIATED atic Coase \ pA WSIOk 
SPRING WOOL Senn, CRUE. WUE ENT QW. OWS 
CORPORATION ' 


Diwisions a 
ASSOCIATED SPRING CORPORATION 


GENERAL OFFICES: BRISTOL, CONNECTICUT 
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DENISON 


For mobile equipment 
For special machinery 
For automation 







Denison’s exclusive cartridge construction. Side plates hydrau- 
lically loaded to maintain uniform pressure on rotor regardless 
of delivery pressure. 
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Continuous 2000 psi service 
in a versatile vane-type hydraulic pump 


FOR MOBILE EQUIPMENT, less weight, increased payload 


FOR SPECIAL MACHINERY, more power in less space 


FOR AUTOMATION, heavy-duty design for low maintenance 


@ Here are the important features you can 
engineer into your designs with Denison’s 
new “T” Series balanced vane hydrau- 
lic pump. 


Long, efficient life because Denison’s 
fully-balanced vanes and rotors reduce wear 
on cam rings and thrust plates to give long 
pump life with minimum maintenance. 


Packs More Power in Less Space. 
Internal friction is lower, volumetric eff- 
ciency is higher. Actually packs 50 h. p. in 
less space than a conventional 3 h. p. electric 


motor where space and weightare a premium. 


Cold-Weather Starting, under severe 
weather conditions, to maintain construc- 
tion schedules. 


Fast, Easy On-the-Job Service because 
the complete pumping cartridge can be 
removed and replaced as a unit without 
special tools or skills. 


Write for complete engineering specifica- 
tions in Bulletin 200. Denison Engineering 
Division, American Brake Shoe Co., 1240 
Dublin Road, Columbus 16, Ohio. 








EFFICIENCY % 


Fes SBRBKSSEEGSS GPME HORSEPOWER 


4 ° 


PRESSURE PS) 


2000 


Hydraulically balanced vane con- neers 


struction cuts excessive wear on 
vane and cam ring ... for longer 
life, higher volumetric efficiency. 


Universal Mountings . .. may be mounted 

in any of four different positions —face, 

flange or bracket mounted. Operates clock- 
wise or counter-clockwise. 


Performance curve of "T Series’ 
vane-type pump illustrates high 
volumetric efficiency. 


ane) pee eee eg 


DENISON 


HYDRAULIC PRESSES » PUMPS * MOTORS * CONTROLS drOll ica 
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~~ @ _— 
)YNAMATIC 
DYNASPEDE'’*°:?2z20" DRIVES 


Provide these important Advantages : 


Adjustable speed from AC power source | 
Accurate speed control 

Wide speed range 

Rapid response 


Low power losses 


o gqarwon  =-s 


No commutators, rings, brushes, or 
rotating coils 


Ni 


7, a ee 


Simple construction 


4) 


Remote control 


© 


Quiet, efficient operation 





10 Low maintenance cost 





1. Input Drum Assembly 
2. Stationary Field Assembly 
3. Output Rotor Assembly 


For a long list of industrial drive applications where 
stepless adjustable speed is required, the new Dynamatic 
Dynaspede® Drives are ideal. The liquid-cooled, completely 
enclosed, stationary field eddy-current couplings are avail- 
able mounted integrally with D-flange squirrel cage motors 
in capacities from 3 to 75 HP. Motor types available are 
drip-proof, totally enclosed fan-cooled, and explosion-proof. 








Illustrated Literature 


Separately mounted couplings in capacities from 3 to 2500 Describing These New 
HP, and larger, are also available. Dynamatic electronic ot : . ‘ 
magnetic amplifier controls, in combination with these St alionary Field Drives | 


drives, provide wide latitude in operating functions, and Couplings 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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See what adhesives are doing today! 


WHEN THIS MAN SQUEEZES THE TRIGGER, HE CUTS PRODUCTION COSTS. HIS SPRAY GUN IS LOADED WITH A MODERN ADHESIVE BY 3M. 


Shooting holes in production costs 


Every day this worker shoots holes 
in his company’s manufacturing costs. 
The 3M adhesive in his spray gun 
creates a structural sandwich that’s 
inexpensive, featherweight and strong. 
Naturally this adhesive is a favorite 
with the comptroller. 


3M adhesives like EC-1357 and EC- 
1177 bond a honeycomb paper core 


Sin SN 


between thin metal skins. They pro- 
duce rigid, more durable units from 
such light materials because they’re 
tougher, more flexible. Many indus- 
tries benefit: building, furniture, air- 
craft, railroad equipment and others. 


These 3M adhesives are specially de- 
signed for this sandwich construction, 
thoroughly tested. They apply fast 


and easily, like the hundreds of varied 
3M adhesives for other uses. 
SEE WHAT ADHESIVES CAN DO FOR YOU! 


Consult 3M research. Contact your 
3M Field Engineer. Or for informa- 
tion and free literature write on 
your company letterhead to: [prooucr or | 
3M, Dept. 103, 417 Piquette 


Avenue, Detroit 2, Michigan. | researcu 


“4 ADHESIVES AND COATINGS DIVISION, MINNESOTA MINING AND MANUFACTURING COMPANY 


Ww 417 PIQUETTE AVE., DETROIT 2. 


be SS 
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“SCOTCH” BRAND SOUND-RECORDING TAPE . 


MAKERS OF “SCOTCH” BRAND PRESSURE -SENSITIVE TAPES . 
Y SHEETINGS « “3M” ABRASIVE PAPER AND CLOTH ¢« “3M” ADHESIVES AND COATINGS @ “3M” ROOFING GRANULES « “3M” CHEMICALS 
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PAUL 6, MINN. e EXPORT: 99 PARK AVE., N. ¥. 16,N. Y.eCANADA: P.O. BOX 757, LONDON, ONT 


“SCOTCHLITE” BRANO REFLECTIVE 
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let this Dodge Catalog help you 
build a Better Product... 





If you buy, use, or design with steel castings, you’ll want this new 
20-page Dodge catalog. Here, in handy, compact form you’ll find complete 
data on metal specifications, chemical and physical properties of all 

Dodge metals . . . plus tips on how to buy for value and profit, selection 
data and a hundred other important engineering facts you’ll refer to 


repeatedly. Like a free copy? Use the handy card that comes with this 
publication or write us direct. Why not do it today? 


DODGE STEEL COMPANY 


6501 Tacony Street « Philadelphia 35, Pa. 
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This Amazing New 
Limit Switch Operates 


», Without Physical Contact! 


f 


Small size (17% x 6”) 
Fits into tight spots 





Transducer (sensing 
head) is actuated by 
presence of magnetic 
materials overa 
wide range of sizes, 
shapes, weights, 
roughness, speeds 


No moving parts. 
No metal-to-metal 
contact required for 
operation 


ry Sensitivity up to 1 inch 
Can be mounted in any 
position. Not affected 


by vibration 


Non-magnetic material 
between the part and 
transducer does not af- 
fect operation 


Here’s an entirely new concept 
in industrial limit switches! We've 
named it the PROXIMITY LIMIT 
SWITCH because it is actuated by 
the nearness of ferrous parts or mate- 
rials, Since its operation requires no 
physical contact, it has unlimited ap- 
plications in places where the use of 
conventional limit switches is either 
impractical or impossible! Its range of 


application is broadened, too, be- 
cause the transducer (sensing head) 
is not affected by vibration or by the 
presence of non-magnetic material. 
In paint spray systems, on produc- 
tion line presses, multiple process 
machines, heavy automation equip- 
ment—there are literally scores of 
places where this amazing new PROX- 
IMITY SWITCH will do the job better! 


ASK YOUR SQUARE D FIELD ENGINEER FOR A DEMONSTRATION, OR WRITE 
FOR PROXIMITY LIMIT SWITCH BULLETIN. ADDRESS SQUARE D COMPANY, 
4041 NORTH RICHARDS STREET, MILWAUKEE 12, WISCONSIN 


NoW...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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Now—get matched, adjustable-speed control 


of AC squirrel-cage motors with 
American Blower GY ROL, Fluid Drives 


STANDARD 
WN OML@) 


TYPE VS CLASS 2 


Gyrol FLUID DRIVE 


A Gyfrol Fluid Drive coupled to a standard alternator 
can vary the output speed of two or more AC motors, 
For example, a standard induction motor can operate 


Here’s a simple system for varying the output of 
two or more standard, constant-speed AC induction 
motors — simultaneously — to equalize load distribu- 
tion, prevent costly machinery breakdowns. 

An alternator, driven through an adjustable-speed 
Gyrol Fluid Drive, makes variable frequency avail- 
able from a fixed-frequency power source. Since 
AC motors operate at speeds proportional to the 
frequency of applied power, motor speed is con- 
trolled by merely regulating the Gyrol Fluid Drive. 

What’s more, motors of different speeds or types 
can be used in the same system, and will change 


AMERICAN BLOWER 


Division of Amertcan-$tandard 
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ALTERNATOR 


PNOSIENIE.N: 16 - 
OUTPUT SPEEL 


VARIABLE FREQUENCY 
SUPPLY 





*ouTPUT ADAPTER FLEXIBLE COUPLING AND ALTERNATOR FURNISHED BY OTHERS, 


at rated speed at 60 cycles, or half rated speed at 30 
cycles, since speed for a given motor is proportional 
to frequency. 


speeds proportionately; single-motor systems can 


be set Control can be manual, semi- 
automatic, or automatic, and is adaptable to infre- 


quent or frequent repeat cycling. 


also up. 


If you’re looking for more dependable, lower 
cost adjustable-speed control of driven machinery, 
with fewer breakdowns, lower maintenance, why 
not look into a Gyrol Fluid Drive coupled to a 
standard alternator. Call our nearest branch office 
for full details. American Blower Division of 
American-Standard, Detroit 32, Michigan. In 
Canada: Canadian Sirocco products, Windsor, Ont. 


=—— 
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still the winner 


... and in high speed steels, 
nothing beats REX 


The winner and still champion after fifty years is 
Crucible’s REX high speed steel. And now it’s better 
than ever! Recent improvements in manufacturing 
processes have given even higher quality and greater 
uniformity to every one of its properties. 

Why not shop test the new REX yourself? Test it 
for size, structure, response to heat treatment, fine 
tool performance. Give it any test you wish. You'll 
see why it is today, as it has always been — the stand- 
ard by which all other high speed steels are compared. 

Ask for REX by name at your local Crucible ware- 
house. Or order it directly for prompt mill delivery. 
And for information on REX, and the other Crucible 
special purpose steels, send for the Crucible Publica- 
tion Catalog. Crucible Steel Company of America, The 
Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


| C R UJ C | 3 LE} first name in special purpose steels 


Crucible Steel Company of America 
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Seamless tube delivery gets Tr iple pr otect 
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Westinghouse floating shaft gearmotors have un- 
dergone the critical tests of 24-hour-a-day, run-out 
table operations. Typical results come from a 
seamless tube drawing, tempering and annealing 
operation. Here, Westinghouse units bring three- 
way protection against the always-present prob- 
lems of oil leakage and motor changes. 














Two separate seal systems guard against oil 
leaking from the gear unit into the motor. An in- 
dicating feature warns of seal wear, before failure, 
in time for preventive maintenance. 


Westinghouse splined shaft coupling permits 
easy separation of motor and gear assembly in 
seconds. Valuable inspection time is saved and 
motor changes can be made on the job, reducing 
down time. 


Shock-absorbing spring mounting and rugged 
construction make Westinghouse floating-shaft 
gearmotors extremely tough... but why not see 
for yourself in Booklet B-6370. Call your local 
Westinghouse sales engineer for a copy, or write 
Westinghouse Electric Corporation, 3 Gateway 
Center, P. O. Box 868, Pittsburgh 30, Pa. j-07354 


1. A combination labyrinth-packing and 
face-type seal on the pinion shaft pre- 
vents oil leakage from the gear housing 
into the mofor. 


. For added protection an umbrella seal 
and drain catches any leakage through 
a worn shaft seal. Visual indication of seal 
wear is given by the drain, 


. The simple spline connection between 
motor and gear shafts permits fast de- 
mounting of the motor without disturbing 
gears or bearings. 


you CAN BE SURE...1F «s Westinghouse © 
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PRODUCTION SHORT CUTS 
WITH 


ZINC 


DIE CASTINGS 


NUMBER 5 OF A SERIES 


4~ Assembly is a simple job with two mounting 
brackets and dust shield pre-assembled. The 
ZINC Die Casting becomes a structural mem- 
ber of the cabinet and supports the front 
glass and tuning controls. 


4 This ZINC Die Casting, designed by West- 
inghouse for its 1957 line of TV receivers, 
requires no secondary operations other than a 
baked electrostatic spray finish. The name and 
indicator arrow are cast into the frame. 


Framing the picture at WESTINGHOUSE 


At WESTINGHOUSE, TV designers recognize 
that appearance and production cost are just as 
important as maximum performance to the success 
of a new line of receivers. To get the utmost in 
eye-appeal and production economy in the 1957 
models, WESTINGHOUSE combined the outer 
screen frame and the cabinet front in a 
beautifully designed, one-piece ZINC 
Die Casting. 

How else could the front panel and 
screen mask be produced complete with 
mounting studs accurately cast for 
quick assembly? 

How else could the necessary con- 
trol openings and parts recesses be pro- 
vided without expensive machining? 

How else could you secure a part 


having more than adequate structural rigidity at 
a great saving in cost? 

What other metal or process could excel ZINC 
Die Casting in attaining such a clean, satin-smooth 
finish? 

° _ These basic qualities account for the widespread 

- use of ZINC Die Castings in many 
fields—uses which result in production 
short cuts to more durable and hand- 
some products. For possible answers to 
your manufacturing design problems, 
send for our brochure and contact any 
commercial die casting company. 


4 Send for your copy. 


FOR DIE CASTING ALLOYS 





The research was done and the Zamak die casting alloys were developed with 


‘HORSE HEAD SPECIAL (nian dui) ZIN 
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\EVERAL years ago, when status and 

S salary of engineers began to be so much 

discussed, an engineering executive told 

us, “The question is academic. The law of 

supply and demand will make well-paid pro- 
fessionals of all of us.” 

This optimistic but faintly cynical predic- 
tion of the effects of the demand for engi- 
neers has certainly come true in part. For 
the record, what has been the increase in 
salary levels in recent times? And what about 
the common complaint that experienced engi- 
neers have not gained proportionally as muck 
as engineering beginners? 

The 1956 Engineer’s Joint Council survey, 
reported in MACHINE DESIGN, February 21, 
Page 14, shows that engineers’ salaries rose 
approximately 23 per cent between 1953 and 
1956. The frequent criticism that experienced 
engineers have not kept pace with starting 
salaries of new graduates is seemingly given 
the lie by this report. Annual starting sala- 
ries for engineers increased about $1000 from 
1953 to 1956 and the salaries of 15 to 20- 
year men increased about $2000. Increases 
were about 15 per cent for beginners and 
about 25 to 30 per cent for 15 to 20-year men. 

Another recent survey contradicts the pop- 
ular “salary-compression” theory. The North- 
west Professional Engineer, a publication of 
the Seattle Professional Employee’s Associa- 
tion, reported a salary study conducted in 
co-operation with the Boeing Airplane Co. 
This study showed that the median salary 
for nonsupervisory engineers at Boeing — 
those with 15 to 20 years’ experience—fluc- 
tuated in a narrow band of 1.40 to 1.55 times 
the starting salary, from 1947 through 1956. 
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The Salary Index 


Neither report supports the notion that 
salaries have become compressed between the 
starting engineer and those on the job 15 
to 20 years. 

In fact, a theory in direct contrast to 
salary-compression can be propounded from 
the foregoing observations: The price paid 
for beginning engineers is a reliable index 
to salary levels for experienced engineers. 
The new engineer is a commodity in a free 
market. As the price bid for him rises, the 
fortunes of his seniors improve—perhaps not 
in a day but certainly soon enough to en- 
courage patience. 

Most companies evidently have all along 
been operating in the spirit of this idea. The 
same association cited above, incidentally, 
believes in the principle firmly enough to 
propose it as a formal basis for annual salary 
adjustment of engineers. (See Page 15, this 
issue. ) 

Exception may be voiced from two quar- 
ters: from those men who encounter a local 
lag in response to the general trend, and from 
those who fail to realize that their salaries 
have leveled off because their own contribu- 
tions to success of the business have reached 
a plateau. Patience or action will reward the 
former. Self-appraisal may lead the latter 
to find how to get off dead center—or how 
to be happy there. 

Statistics define the population, not the 


Ba. Hamed 


ASSOCIATE MANAGING EDITOR 











Both simplified and conventional drafting systems have ad- 
vantages and disadvantages, adherents and critics. But, the 
best system for any engineering department is that one which 
fulfills all requirements at minimum cost. Points discussed 


EFFICIENT DRAFTING 


here can lead to . . . 


TORMS of contention have centered on draft- 

ing practice. Many engineering departments 

have abandoned the time-honored precepts 
of conventional drafting and adopted systems that 
they considered faster, better, or more economical. 
Curiously enough, this evolution has produced two 
widely divergent forms: simplification of graphical 
conventions, and elaboration of information con- 
tent—especially in regard to dimensional informa- 
tion. 

To further confuse the issue, there is a marked 
difference between the academic treatment of the 
subject, and drawing practice which best serves 
the needs of industry. Reasons for this separation 
of theory and practice are not hard to find. Draft- 
ing materials, instruments, and reproducing tech- 
niques have changed; facilities and working con- 
ditions for draftsmen have changed; so has the 
organization of many drafting operations. But, 
the most important reason is because of what in- 
dustry now expects of drawings. More and more, 
drawings are expected to state exactly what is 





\ Total cost 
ee 4 


Cost 


Cost of making 











nar Best quality 


Deficient Quality Excessive Quality 
Fig. 1—Total cost of a drawing is least 
when rising cost for improved quality 
equals decreasing cost of use. 
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wanted, leaving little to the discretion of the shop. 
Moreover, where work is subcontracted, drawings 
must be regarded as legal documents, complete 
and unambiguous. 


Industry’s Need for Drawings: It is unthinkable 
to suppose that industry could function effectively 
without drawings. Drawings record and convey 
information that can hardly be expressed by words 
alone. 

Drawings perform many vital functions. More 
likely than not drawings are the chief tool used 
when an idea for a product, plant or piece of equip- 
ment is sold to management. Although a design 
takes form as thoughts in a designer’s mind, these 
thoughts are crystalized only when they have 
been embodied in sketches and accurately scaled 
layouts. Drawings are instructions for pattern- 
makers, machinists, welders and assemblers; draw- 
ings record essential information for the user of a 
product; drawings illustrate reports, patents and 
catalogs. 


Economics and Drawings: Every drawing should 
justify the cost of its preparation and use. In ad- 
dition, the cost of this preparation and use should 
be maintained at a minimum. Detail and assembly 
drawings are especially important in this respect, 
as most drafting operations are concerned with 
making details and assemblies. There are no sim- 
ple rules that show how drawings should be made 
just-good-enough. What is good enough for one 
case may not be for another. A representation of 
the best drawing is shown in Fig. 1. This ideal 
is hardly attainable in practice. The evaluation 
of drawing quality is not exact enough to con- 
struct accurate cost-quality relationships. Yet, in 
spite of the limitations of graphical representa- 
tion, this concept is basic to the philosophy of sen- 
sible drafting practice. 

Cost of making drawings includes the salary of 
the drafting force and the usual expenses of equip- 
ping and maintaining drafting facilities and serv- 
ices. Cost of using drawings includes the expense 
of reproducing and reading the drawings. Most 
important of all, the cost of using a drawing is 
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PRACTICE 


reflected in how well the drawing specifies how a 
part should be made, or how a group of parts are 
to be put together. 

In the cost-quality curves shown in Fig. 1, it is 
taken for granted that as the cost of making a 
drawing goes up, the cost of using it goes down. 
Whether or not this assumption is borne out in 
practice depends on efficiency of the practices that 
are followed to obtain the most economical quality. 


Quality: The quality of a drawing is a measure 
of its readability, completeness and compactness. 
A drawing is readable if it is easily understood— 
information orderly arranged, lines clear and sharp, 
notes neat and legible. A drawing is complete 
when every significant detail is specified and when 
there is no likelihood of misreading or omitting 
an important requirement. Ordinarily the more 
compact a drawing, the better—unless it is so small 
that information is crowded and hard to read. 
Size of a drawing reflects in reproduction costs. 
Large drawings are awkward to handle, especially 
in the shop, and take a lot of filing space. 

Some of the factors that have a bearing on draw- 
ing quality are related to what a drawing repre- 
sents; other factors are related to the operation of 
the drafting department. These factors determine 
how many times a drawing must be reproduced, 
how many hours will be spent in reading it and by 
whom, how exact the drawing must be, what ma- 
terial the master is drawn on, and similar consid- 
erations. 

From a study of all of the factors involved, the 
most appropriate level of drafting practice can be 
decided. For each ievel of practice, there are pre- 
ferred methods and techniques concerning the com- 
position of drawings and the administration of a 
drafting operation. 


COMPOSITION OF DRAWINGS 


All drawings are not alike, although a compari- 
son of any two drawings will reveal many similari- 
ties. These similarities stem from the common at- 


March 21, 1957 


By Earlwood T. Fortini, Mechanical Engineer 


Datamatic Corp., Newton Highlands, Mass. 


tempt to satisfy certain general needs. Drawings 
must usually be reproducible, bear adequate identi- 
fication, include necessary administrative data, and 
—most important of all—contain technical infor- 
mation. How these needs are satisfied can be ap- 
preciated by a study of the basic ingredients that 
comprise a drawing. In the case of detail drawings, 
these ingredients are: format, picture, dimensions 
and notes. 


Format: Even a rough sketch on the back of 
an envelope can fit the best-drawing definition of 
Fig. 1—but usually doesn’t. Much more is or- 
dinarily required of a drawing than can be satis- 
fied by such a primitive format. Common prac- 
tice is for all but the smallest drafting operations 
to make drawings on printed, reproducible forms. 
This is sound, economically justified practice—if 
it is not overdone. It is overdone when a form is 
cluttered with unessentials. Such unessentials 
can make a drawing hard to read, waste valuable 
space, crowd important material, or require a 
larger sheet. What is really essential and what is 
not, depends on what the drawing is for. 

Two formats are shown in Fig. 2. Many of the 
features found on Fig. 2b have been purposely 
omitted from Fig. 2a. Among these omissions are: 
revision block, place for draftsman’s signature, 
standard tolerance table, and note indicating scale 
of drawing. Arguments may be advanced defend- 
ing inclusion of the items omitted from Fig. 2b. 
But, just the opposite conclusion may be reached. 

The particular way in which a drawing is em- 
ployed will determine whether it is economically 
sensible to include or exclude an item from a 
drawing. The point to remember is this: just be- 
cause an item is customarily found on a drawing 
is not good enough reason for its being there. 


The Picture: Some simple parts can be described 
by words only. For example, a washer can be speci- 
fied by inside and outside diameters, thickness, and 
material. But for a word description, washer must 
represent a known and very simple geometrical 
form. The difficulty—perhaps impossibility—ot 
describing most parts by words is quite obvious. 
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Fig. 2—Development of new drafting standards within one 
firm to suit their needs. At a is the adopted standard which 
gtew from the conventional format in 6. The new standard 
format and drawing system contains the same information as 
the old, but is easier, faster, and less expensive to produce. 
The format was designed for simplicity and to facilitate filing 
and binding. The space-saving feature of the new system, as 
compared with the old, is shown. 
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Perspective drawings make natural, easy-to-read 
pictures. Perspectives, however, have limited use 
for drawings of mechanical parts because they re- 
quire a great deal of time and skill. Furthermore, 
perspectives are not easily dimensioned. 

Simplified forms of three dimensional pictures 
are somewhat easier to draw than perspectives 
but have the same basic restrictions. Most of these 
drawings are made according to the system called 
third-angle projection. This system is based on a 
few simple rules which are usually given at the 
beginning of drawing courses. Later in these 
courses the exceptions to the rules are introduced, 
and that’s where problems begin. 

An example of why it is sometimes necessary 
to make exceptions to the rules is illustrated by 
Fig. 3. According to a rule of third-angle projec- 
tion, lines are imaged on a plane by projecting 
tangents to surfaces and edges of a solid. For the 
part shown in Fig. 3a, this rule can be literally ap- 
plied. It cannot be, however, in Fig. 3b. Here a 








Fig. 3—Projections of both 4 and 6 look 
alike even though the parts depicted are 
different in shape. Projection from actual 
intersections was used for a; imaginary in- 
tersections were used for b. 
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more practical alternate is to project only certain 
imaginary intersections. 

It should be apparent that third-angle projection 
cannot be treated as if it were merely a branch of 
applied geometry. Thus, in order to make the sys- 
tem more usable, many conventions have been de- 
vised to avoid some of the inherent difficulties. 
These conventions have two purposes: to simplify 
pictorial representation, and to replace pictorial 
with symbolic representation. 

Just by the skillful use of well-known conven- 
tions, great savings can be realized in the cost of 
making and using drawings. It should not be pre- 
sumed that no improvement is needed or possible. 
In time, many more cost-cutting practices will find 
general acceptance. Unfortunately many com- 
panies are not in a position to pioneer new drafting 
practices. For these companies, economical draft- 
ing practice must be realized by making the best 
use of current, nationally recognized conventions. 


Dimensions: Dimensioning drawings can be a 
difficult, exacting task. Careless, inexpert dimen- 
sioning can result in unduly close tolerances, in- 
appropriate fits or faulty performance. 

The theory of dimensioning engineering draw- 
ings concerns the purpose of dimensions, how they 
are derived, and correctly showing them on the ap- 
propriate drawings. There are several kinds of di- 
mensions. Those that describe geometrical fea- 
tures such as cylindrical, rectangular or conical 
forms, or irregular contours are called feature di- 
mensions. Dimensions locating geometrical fea- 
tures are called positional dimensions. 

Some dimensions are important for functional 
reasons, other are not. Relationships between 
functional dimensions control conditions that affect 
assembly or operation of a device. Dimensions 
that do not have an effect on assembly or func- 
tion, other than the specification of size and form 
satisfactory for meeting strength and other re- 
quirements, are called constructional dimensions. 

What has been said here about dimensions hard- 
ly does more than introduce a few terms. The 
purpose of this introduction is to show that di- 
mensioning is a subject founded on definite, con- 
sistent ideas. Only by following systematic meth- 
ods and practices is it possible to derive, record 
and verify dimensions efficiently and economically. 


Notes: On some drawings, only the briefest notes 
are necessary. This is true when workmen have 
an understanding as to what grade of workman- 
ship is appropriate. In many cases, however, it is 
not good business to merely expect “good work- 
manship.” Notes like the following may be neces- 
sary: 

. Remove all burrs and sharp edges. 

. Surface “A” to be flat within 0.001-in. 

. Diameter “B” to be concentric with diameters 
“C” and “D” within 0.003-in. T.LR. 

. Edge “E” to be free of any dent or nick greater 
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than 0.005-in. deep or 0.020 long. 
5. Clean and package per SPEC. S-174-A-05 prior 
to shipment. 


There is a practical limit as to how detailed or 
copious notes should be. General standards of 
workmanship may be spelled out in a specification 
which is referred to on all drawings. Notes and 
specifications must be used carefully, for they tend 
to develop into a complicated cross-referenced maze 
which takes hours to explore, sometimes leading 
to doubtful or erroneous interpretations. 


The Set of Drawings: The various parts of a 
drawing; format, picture, dimensions and notes; 
have greatest significance when considered with 
respect to the whole drawing. In a like sense, a 
drawing has greatest significance when considered 
with respect to the set of drawings of which it is 
a part. It is only common sense that, in general, 
all of the drawings in a set should be of the same 
quality or level of drafting practice To help de- 
cide what level of drafting practice is most ap- 
propriate for a particular set of drawings, two 
questions must be answered: Who will use the 
drawings and what do the drawings represent? 
These questions will usually give rise to many more: 


. What manufacturing facilities are required? 
. Will replacement parts be needed ? 
. How many are to be made? 
. How are parts to be inspected? 
5. Are complete assemblies tested ? 


A careful review of all the contributing factors is 
the first step in the process of making a set of 
drawings. 


EFFICIENT PRACTICE 


If two draftsmen were independently to make the 
same drawing, it is most likely that (1) the draw- 
ings will be different and (2) one drawing will 
take much less time to make than the other. A 
comparison of the two drawings will, in effect, be 
a comparison of the practice of one draftsman with 
another. Depending on the combination of read- 
ability, completeness, correctness and time re- 
quired to make, one of the drawings could prob- 
ably be judged as better than the other. In other 
words, one of the draftsmen used a more efficient 
practice. 

There are numerous equivalent conventions, 
techniques of graphical representation, methods of 
dimensioning, handling of explanatory notes, and 
arrangements for formats. Draftsmen should be 
constantly urged to use economical, standardized 
practice. Where draftsmen are familiar with all 
variations of established practice there should 
be no problems in carrying through this recom- 
mendation. 

In the last few years many new drafting con- 
cepts have been introduced. Many of these are 
not universally applied by industry. Some of the 
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ideas, such as leaving out arrowheads, using de- 
scription instead of illustrations, avoiding hand 
lettering, etc., have caused much discussion. A 
great deal has already been said for and against 
these practices as they were developed through ef- 
forts to speed and simplify drafting. Only one point 
seems worthwhile mentioning here. If experience 
shows that a new convention, method, or technique 
significantly improves on those currently estab- 
lished, then it, in turn, will become the preferred 
practice. 

Some general recommendations for efficient 
drafting practice are given separately. These are 
not hard-and-fast, but may serve as a checklist or 
guide in developing a system. The value of any 
recommendation depends on how applicable it is to 
the specific situation. Many examples would have 
to be shown to explore adequately the uses and 
limitations of these recommendations. Each dif- 
ferent set of circumstances would lead to different 
results. This fact limits the generality of the com- 
parison of the rival practices shown in Fig. 2. 
Where draftsmen are familiar with all variations 
of established practice there should be no problems 
in carrying through this recommendation. 


THE PERSONAL FACTOR 


In many ways, drafting practice cannot be di- 
vorced from the background and personal traits of 
the individual draftsman. This fact has great 
importance in the establishment of a preferred set 
of methods and techniques for a drafting depart- 
ment. However, practices can be developed which 
satisfy the requirements and are acceptable com- 
promises betwen individualistic preferences and 
work habits. 

Merely observing the forms of efficient practice 
does not insure that a significant saving in cost 
of making drawings will be realized. Techniques 
of efficient practice only provide the possibility 
for savings—not the realization. Sensible drafting, 
therefore, requires from an individual both the de- 
sire to work well and the ability of being able to 
work well. It is management’s task to provide 
the facilities, the incentive, and the leadership. 

Drafting ability of the individual is a product of 
training, experience, and inherent capacity. This 
includes the capacity to learn, to discriminate, to 
work well, to solve problems, and to do creative 
thinking. The measure of a person’s ability is re- 
flected in the work he is held responsible for, the 
pay he receives, and his status in the organization. 

Ability is closely related te attitude, and attitude 
to productivity. A draftsman must have the proper 
attitude toward what he does; he must not feel 
that his job is merely to produce drawings. Draw- 
ings, however necessary, are not end products, 
but merely instruments used in the building of a 
machine, a tool, a structure, or a part. A better 
drawing should not mean a drawing with more ar- 
tistic merit. It should mean a drawing that is 
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readable, complete, correct, unambiguous, and rep- 
resentative of good design. 

In order to exercise his ability, a draftsman 
needs a good place to work, efficient equipment and 
suitable tools. A characteristic of most drafting 
operations is the need for referring to large draw- 
ings, bulky catalogs, handbooks, data sheets, and 
so forth. All these take reference and storage 
space. An efficient, well-arranged work sheet 
should be provided for each man. 

It is possible to draw attention to almost any 
number of personal, technical, and organizational 
factors that have an effect on the productivity of 
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look at what is being done in their departments 
and decide whether or not there is room for im- 
provement. Nor should this process of self-criti- 
cism be limited to industry. Educators should be 
among the first to evaluate any new or different 
practices and to discard methods that have be- 
come obsolete. Most important of all, the people 
who use the language of drawings in their daily 
work must understand the significance of the 
changes of this language and be ready to appraise 
and judge the merit or inadequacy of both estab- 





a drafting operation. 


Drafting managers should 


lished and newly proposed practice. 








ye 


. Provide 


. Line-work on a 


General Recommendations For 


EFFICIENT DRAFTING PRACTICE 


Format 


Don’t clutter the drawing 
with nonessential signatures, 
revision blocks, general tol- 
erance tables, parts-list head- 
ings, etc. 


. Be sure that the drawing num- 


ber can be easily read when 
(1) the master is filed; and 
(2) when prints are folded 
and filed or bound in sets or 
books. 


adequate binding 


margins. 


The Picture 
4. 


Draw the simplest picture 
consistent with clarity and 
readability. Omit details, 
cross hatching, sections, or 
entire views if they are 
neither necessary nor make 
the drawing easier to read. 


. Do not overconcentrate in- 


formation. If possible use 
two or more simple views in 
place of a single complicated 
one. 


. Avoid difficult projections by 


either making use of simplify- 
ing conventions or by a more 
convenient choice of sections, 
partial and auxiliary views, 
etc. 


drawing 
should give clear, easy-to- 
read prints. This is the 


. Use the 


only requirement that should 
govern the weight of solid 
lines, dotted lines, center 
lines, etc. 


. Produce the picture by the 


easiest method practical. 
Trace over existing drawings 
or layouts. Use photo-repro- 
duction techniques if appli- 
cable. Whatever method is 
used, avoid laboriously trans- 
ferring dimensions from one 
drawing to another merely ta 
“construct a picture.” 


most convenient 
scale or scales. The use of 
distorted scales should be al- 
lowed where the resulting 
drawing is easier to read. 


. Drawings should be accurate- 


ly drawn to full scale if it is 
practical to use prints in the 
shop as templates. 


. Group the various views and 


sections on a large drawing 
so that size and shape can 
be easily seen in three di- 
mensions. For instance, the 
view that shows the loca- 
tion and diameter of a hole 
and the view that shows the 
depth of the hole should be 
placed as near to each other 
as possible. 


Dimensions 


12. Functional dimensions should 


be systematically derived and 


. Wherever 


carefully checked. 


possible, dimen- 
sions that locate or describe 
a particular feature or part 
of the unit should be grouped 
together. 


. Use the fewest possible base 


surfaces to dimension from, 
consistent with the need for 
controlling functionally re- 
lated surfaces and the re- 
quirements of manufacturing 
and inspection. 


Notes 


15. 


16. 


Standardize the wording of 
frequently used notes. 


Lettering need only be neat 
and legible. No arbitrary 
standard of size or form 
should be insisted upon. 


. Use abbreviations sparingly 


unless it is known that all 
possible users of a drawing 
are familiar with them. There 
is little gain in saving a few 
seconds by abbreviating a 
word if someone may take an 
hour to find out what the 
abbreviation means. 


General 


18. 


19. 


Use the smallest possible 
standard-size sheet without 
crowding information. 


Avoid duplicating informa- 


tion in any form. 
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scanning the field for ideas 


Three-dimensional printed circuits sim- 
plify complicated wiring interconnections and circuit 
packaging. As reported by E. R. Wyma in the Janu- 
ary, 1957 issue of the ]BM Journal of Research and De- 
velopment, the three-dimensional arrangement is used 
in the design of printed back panels in the IBM 608 
transistorized computer. One such array serves the 
function of 650 wires and sockets and holds 36 plug- 
in circuit cards. 

In this system, conductors are arranged on narrow 
strips which are slotted to permit nesting pieces at 
right angles. When con- 
ductors must connect at 
strip junctions, conduc- 
tor paths are brought 
together on the same 
level at the corner. The 
entire circuit is pre- 
pared in this manner 
and all circuit strips as- 
sembled. The assembly 
is immersed in a solder 
bath which wets the con- 
ductors and fillets in the 
corners where two con- 
ductors meet, complet- 
ing the electrical circuit. 
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Pear-shaped fluid circuit in Twin Disc torque converter, combined 
with a novel turbine-blade design, automatically unloads converter from engine 
as turbine speed approaches impeller speed. Under these high speed ratio 
conditions fluid circulation is stopped through the hydraulic balancing of a 
head developed by the impeller and a counterhead produced by the turbine. 
This feature provides an intergral means of limiting output speed without 
using a converter output-shaft governor and simplifies construction by eliminat- 
ing free-wheeled stators. The pear-shaped fluid circuit in these new 1300 series 
units permits converter fluid to leave the impeller blades at constant diameters. 





; screws ~_ 
Housing for \ Re 
i 
~ 


eccentric 





Eccentric 
support for 
worm shaft 























ee wheel 





Adjusting Backlash adjustment in worm-gear drives 


is provided by a 
novel eccentric 
mounting arrange- 
ment developed by 
Clint McLaughlin, 
Queens, New York. 
Ends of the worm 
shaft are mounted in 
eccentric supports. 
Gear mesh is adjust- 
ed by rotating each 
eccentric in the ap- 
propriate direction 
by loosening one set- 
screw and tightening 
the other. 
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Stop stud or coiled— 


spring post 



















Secure anchoring of threadless studs 
into machine elements is accomplished by a method 
that eliminates the need for close-tolerance or inter- 
ference fits. In a drive-fit technique developed by 
Harold Blye, Bellerose, L. I, New York, it is not nec- 
essary to ream the drilled hole for accuracy or hold 
the stud-body diameter to close tolerances. 

Before assembly, a center hole is drilled into the 
end of the stud. Then a hardened steel ball is dropped 
into a hole in the machine member, and the stud is in- 
serted. The stud is hammered or forced into the hole, 
and the ball expands the wall of the stud, producing 
a tight fit. seiaiibimaia 
hole, if design 

permits 





Vacuum-tight sealing of valve plates 
in attained by a unique roller-and-linkage actuat- 
ing mechanism. In a straight-through gate- 
valve design developed by Consolidated Vacu- 
um Corp. Div., Consolidated Electrodynamics 
Corp., the valve plate is guided by rollers and 
connected to a follower carriage through two 
hinged links. Roller motion near end of travel 
is controlled by two inclined ramps and a com- 
pression spring which 
raises the valve plate 
to seal tightly 
against the valve 
opening. Opening 
and closing motions 
of the mechanism are 
such that there is no 
scuffing of gasket. 


track 


inclined 
ramp 
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Packaged 


and 


William S. Miller 


Associate Editor, Machine Design 


In a profusion of “‘standard”’ types, 
geared speed reducers and gearmotors 
offer almost unlimited choice in design. 
As an aid in sorting them out 

and matching them to drive requirements, 
this comprehensive guide focuses attention 
on these points. . . 


Why Packaged Reducers? 


Reducer Classification 


Gearing type—shaft orientation—stage arrangement 


Reducer Performance Rating 
Mechanical rating—thermal rating—torque rating— 
overhung load-—reduction ratio 


Reducer Selection Factors 
Ratio vs type—ratio vs efficiency—overhung-load 
capacity—mounting style—reducer weight—cooling 
auxiliaries—backstops—torque limiters—shear 
couplings 


Reducer Installation 


Gearmotor Classification 
Shaft orientation—gearing type and arrangement- 
mounting styles—motor types—accessories 


Gearmotor Selection Factors 











How to select and apply 


OWER-TRANSMISSION requirements that ar- 
gue a strong case for the geared fixed-ratio 
speed reducer serve equally well to define 

its function: smooth multiplication of torque and 
reduction in speed between driving and driven 
shafts, plus permanent and precise synchronization 
of shaft speeds and angles. 

Other mechanical drives—belts and chains, for 
example—can, in some of their forms, satisfy 
these specifications. Choice of the best system for 
a given application will usually hinge on the out- 
come of a careful evaluation of drive performance, 
efficiency, flexibility, durability and cost. 

If somewhat higher in first cost than the simpler 
drive systems, the fixed-ratio geared speed reducer 
demonstrates counterbalancing advantages that 
are common to gearing in general: 


1. Shock-free transmission of power. 

2. Precise synchronization of input and output 
shafts. 

3. High or creditable efficiency at all speeds and 
reduction ratios. 

4. Compactness and flexibility of component ar- 
rangement. 

5. Low noise level and long life. 


In this article, presented as a guide to fixed-ratio 
speed reducer and gearmotor selection, emphasis 
centers on available types, performance charac- 
teristics and rating methods of catalog-standard 
or so-called packaged units. 


Why Packaged Reducers? 


Standard speed reducers—manufactured in a 
botanical-like variety of types, configurations and 
capacities—offer the designer a compact and eco- 
nomical means for changing the direction and 


122 


velocity of shaft power. Where use is feasible 
from an engineering standpoint, standard reducers 
often demonstrate substantial performance ad- 
vantages over integrally incorporated or “built-at- 
home” gear trains. In most cases, catalog-stand- 
ard speed reducers are designed in compliance with 
applicable recommendations of AGMA. Such 
standards ensure conservative selection of both 
materials and proportions of reducer parts. 
Another advantage accruing to the designer who 
selects a standard reducer is certified performance. 
Although reflecting the manufacturer’s confidence 
in his product, such performance guarantees are 
not offered as blanket-coverage insurance against 
every possible reducer failure. Rational selection 
and application of the product are still expected. 
A representative catalog statement of manufac- 


GEARING FORM 


1. Spur 

2. Helical 

3. Double helical 
4. Herringbone 
5. Spiral bevel 
6. Worm gear 








MOUNTING STYLE 








1. Foot 

2. Flange 

3. Face 

4. Base 

5. Shaft 

6. Combination 


Fig. 1—Classification of the geared speed reducer. 
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turer’s responsibility spells out the conditions un- 
der which it is issued: 
Responsibility for satisfactory operation of gear 
reducers is assumed by the manufacturer, provid- 
ing the unit is properly installed and lubricated 
and loads are within the rating of the drive. 


Standard vs Special Reducers: In selecting a 
reducer, the designer will obviously specify a stand- 
ard catalog model if possible. Both first cost and 
delivery time of special or modified-standard units 
argue this point. It is recognized that space limita- 
tions, unusual shaft arrangements, or the need for 
combination drives will, on occasion, dictate the 
use of special or nonstandard reducer housings. 

In such event, the most economical nonstandard 
reducer is one designed and built around standard 


STAGE ARRANGEMENT 
Single stage 

. Multiple stage 

. Planetary 
a. Simple 
Compound 
c. Differential planetary 
Combination 
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bolt-hole circles, employing standard mountings, 
and incorporating parts that can be fabricated on 
existing tooling. Large savings are also realized 
when gear and bearing-mounting hardware, as well 
as shaft center distances, can be standard. 


Reducer Classification 


Descriptive classification of packaged speed re- 
ducers follows an industry-accepted pattern that, 
while well defined, is subject to continuing expan- 
sion and subdivision as new reducer types and con- 
figurations are introduced. 

Primary categories establishing the salient 
physical design features of reducers are: (1) gear- 
ing type, (2) shaft orientation, and (3) stage 
arrangement, Fig. 1. From a performance stand- 
point, manufacturers further identify each reducer 
type by reduction ratio, power and torque ratings, 
input speed, and overhung-load capacity. Often, 
the mounting arrangement of the reducer becomes 
a classification element. For example, shaft- 
mounted, foot or flange-mounted, and shovel-base 
units are some of the types that are available. 


Gearing Type: With respect to basic gearing 
employed in packaged speed reducers, these major 
forms are widely used: 

4. Herringbone 
5. Spiral bevel 
6. Worm gear 


1. Spur 
2. Helical 
3. Double helical 


Performance characteristics of basic gearing 
forms help rough out areas of their best applica- 
tion. Evaluation of speed, power-transmission lev- 
els, efficiency required, shaft orientation and cost 
is» essential before a particular gearing form can 
be specified. 
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(a) Worm-gear unit. 
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Right-angle shaft orientation (horizontal). 
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(c) Herringkone-gear unit. Parallel-offset 
shaft orientation (horizontal). 
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(b) Helical-gear unit. 


Fig. 2—Typical single-reduction stage ar- 
rangements for basic gear forms. 
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(a) Single-reduction worm-gear reducer (vertical or hori- 
zontal right angle). 
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(b) Double-reduction worm-gear reducer—ratios to 500:1 
(parallel or right angle). 
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(c) Double-reduction worm-gear reducer—ratios from 
500:1 to 4500:1 (parallel or right angie). 
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Fig. 3—Efficiency as a function of reduction ratio 
for various reducer types and stage arrangements. 
Values given are approximate and assume opera- 
tion within rated reducer capacity, with proper 
lubrication and at normal ambient temperatures. 
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Parallel-offset shaft orientation (horizontal). 


(a) 


(d) Spiral-bevel unit. Right-angle shaft 


orientation (horizontal). 
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(d) Helical-gear first stage, worm-geoar second 
(right angle horizontal or vertical). 
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(e) Single and multiple-stage helical and herringbone 
reducers. 
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(f) Spiral-bevel-planetary reducer. 
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Shaft Orientation: Often a major factor to be 
considered in the speed-reducer selection process, 
shaft orientation is described as: 


1. Parallel offset 
2. Parallel concentric 


3. Right angle 
4. Horizontal or vertical 


In not all reducer applications will space limita- 
tions or mounting convenience be the deciding fac- 
tors that establish shaft orientation. As _ illus- 
trated in a subsequent section, certain performance 
considerations—for example, reduction ratio—may 
lead to compromise in the choice of reducer input 
and output-shaft positions. 


Stage Arrangement: Limits on maximum re- 
duction ratios attainable with single-stage gearing, 
Fig. 2, are set either by practical limitations on 
gear size, or by factors that relate to efficiency or 
performance. Single-stage helical and herringbone 
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(a) Four-stage spur-gear reducer, 
parallel-concentric shaft. 


(b) Two-stage helical-gear reducer, 
parallel-concentric shafts. 
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reducers, for example, are usually supplied in ra*ios 
not much higher than about 10:1 to keep gear 
sizes within practical limits. In the case of single- 
reduction worm-gear units, speed ratios rarely ex- 
ceed about 100:1. This is because high ratios re- 
quire low worm-lead angles with resulting low ef- 
ficiencies, Fig. 3. 

In multistage versions of the basic gear forms, 
Fig. 4, reduction ratios for each stage are held to 
values that ensure acceptable overall efficiency. 

To provide ratios intermediate between those 
provided by single and two-stage gearing, or to 
reorient input or output-shaft direction, basic gear 
types are often crossbred into combinations like 
those shown in Fig. 5. Such combinations may 
yield advantages in efficiency, size or price over 

(Text Continued on Page 128) 


(c) Three-stage herringbone-gear reducer, 
parallel-offset shaft. 


(d) Two-stage worm-gear reducer, 
parallel-offset shaft. 


Fig. 4—Typical multistage arrangements for basic gear forms. 
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(d) Spiral-bevel first stage plus 
two-stage helical gearing. 





(a) Helical-gear first stage, 
worm-gear second stage. 
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(e) Spiral-bevel first stage plus 
single-stage herringbone gearing. 


(b) Worm-gear first stage plus 
two-stage helical gearing. 
































(c) Spiral-bevel first stage plus (f) Spiral-bevel first stage plus 
single-stage helical gearing. planetary gearing. 


Fig. 5—Typical multistage combinations of basic gear forms. 
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Spur Gears: Practical reduction ratios at- 
tainable with single-stage spur-gear sets, used 
for speed-change between parallel shafts, range 
up to about 10:1. Principal advantage of spur 
gearing is its ability to transmit power without 
end thrust or axial displacement. Although ef- 
ficiency of spur-gearing is high—reaching 99 
per cent where an oil bath is provided—it is in- 
clined to be noisy at pitchline velocities exceed- 
ing 1000 fpm. Use is therefore more general in 
reducers intended for moderate-speed use. Be- 
cause instrument-quality spur gears are avail- 
able from stock in a wide range of diametral 
pitches, they are frequently employed in pre- 
cision miniature reducers of the type used in 
servo-control systems. 


Helical Gears: ‘The staggered or inclined-tooth 
construction of the helical gear—constituting, in 
effect, a stack of slightly displaced, infinitely 
thin spur gears—results in progressive trans- 
mission of load from tooth to tooth. Such action 
reduces momentary accelerations and shocks 
that are noise sources in simple spur gears. 
Because there is always tooth contact at the 
pitch line, helical gearing transmits motion at 
essentially constant angular velocity. Higher 
pitch-line velocities are also possible with helical 
gears than witn spur gears, reaching values to 
9000 fpm or greater. Thrust loads resulting from 
the “cork screw” action of helical gearing are 
appreciable and must be carried by bearings 
of suitable thrust capacity. Maximum helical 
gear ratios and efficiencies are approximately 
the same as for spur-gear sets. 


Double-Helical Gears: In the double-helical 
gear, two sets of opposed helical teeth are cut 
on the same blank. Because side thrusts are can- 
celled by the balanced thrust of opposing helices, 
size of thrust bearings and thickness of thrust- 
resisting housing sections can be decreased. Ef- 
ficiency, which depends upon speed, temperature 
and lubrication, ranges from 95 per cent or bet- 
ter in triple-reduction helical reducers to over 
98 per cent in single-stage units. When double- 
helical gears are shaved and dynamically bal- 
anced, speeds up to 10,000 rpm and pitchline 
velocities to 9000 fpm or greater can be employed. 


Herringbone Gears: Continuous-tooth herring- 
bone gears are double-helical gears cut without 
a@ groove separating the two rows of teeth. Chief 
use is for transmission of heavy loads where 
shock or vibration is present, or where high 
reduction is required in a single stage. Pitchline 
velocities range up to 4000 fpm. Like the double- 
helical gear, the herringbone gear produces no 
end-thrust problems. Although it is not practical 
to shave continuous-tooth herringbone gears, 
lapping produces a superior tooth finish and re- 
duces operating noise to a minimum. 


Spiral-Bevel Gears: Used for right-angle direc- 
tion change in packaged speed reducers, or to 
provide intermediate ratios when in combination 
with other gearing types, spiral-bevel gears are 
superior to straight-tooth bevel gears because 
the load is distributed over more teeth. Thrust 
loads, which are greater than for straight-tooth 
bevel-gear sets, vary in axial direction with 
changes in rotation of pinion and gear. Effici- 
ency depends upon ratio, speed, and load, and 
ranges from about 94 per cent to 98 per cent. 
Ratio limit for a spiral-bevel set is about 6:1. 


Worm Gears: Advantages of smooth tooth ac- 
tion, flexibility of arrangement, and load-carry- 
ing capacity inherent in worm gearing accounts 
for its widespread use in packaged speed reducers. 
Higher ratios can be attained through use of 
worm-gear sets on a given center distance than 
with any other type of gearing. Thus, the num- 
ber of moving parts in the reducer is cut to a 
minimum. Because worm and gear teeth are 
under crushing rather than cantilever loads, the 
combination has high resistance to shock. To be 
distinguished from conventional worm gearing, 
in which the gear envelopes the worm, are 
double-enveloping worm-gear sets, in which the 
gear envelops the worm and worm envelops 
the gear. In this arrangement, which brings 
more gear teeth into contact with the worm, the 
worm has an hourglass rather than the con- 
ventional cylindrical shape. Efficiency of worm 
gearing depends chiefly upon the lead angle of 
the worm, with efficiency increasing as lead 
angle and ratio increase. Efficiency ranges from 
60 to 95 per cent, depending on ratio, 
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(a) Simple planetary-gear reducer. Planet gears simul- 
taneously engage the sun gear, which is keyed to the Secondary 


input shaft, and the fixed ring gear. Rotating freely planet gear 


around their axes in the planet cage, planet gears 
move concentrically around the gear-box axis, rotating 
the planet cage and output shoft. 

































; (b) Planetary-differential reducer. Torque path is through the 
Fig. 6—Planetary-gear reducers offer an al- input-shaft sun gear to the primary planet gears, which engage 


most unlimited variety of speed ratios be- both 
tween driving and driven members. Shown 


here are simple planetary and planetary- at 


the sun and fixed ring gears. Rotation and translation 


of secondary planet gears, which are integrally mounted with 
the primary planets, rotates the secondary ring gear and out- 


shaft. Unit here provides ratios from 1.1:1 to 50,000:1; 


differential reducers. power rating ranges from 0.12 to 81.5 hp. 


those employing tandem or multistage arrange- 
ments of a single gearing type. For example, over- 
all efficiency of a helical-worm reducer with 72:1 
ratio is about 85 per cent. This efficiency is the 
product of the individual efficiencies of worm and 
helical stages. On the other hand, corresponding 
efficiency of a single-reduction worm-gear reducer 
with 72:1 ratio is only about 70 per cent. 

To be distinguished from conventional multi- 
stage reducers—where high ratios are attained 
by simply lining up gear sets in tandem—are 
planetary, compound-planetary, and differential 
gearing arrangements, Fig. 6. Such reducer types 
are available in ratios ranging from close to 1:1 
to 50,000:1 or higher. 


Reducer Performance Rating 


Surefire prescription for an unsatisfactory speed- 
reducer installation—if not for actual reducer fail- 
ure—is to select the reducer without completely 
understanding the basis of its performance rating. 
Although not particularly complex, the selection 
problem involves more than just establishing an ex- 
act one-to-one agreement between stated mechan- 
ical rating of the reducer and steady-state power 
requirements of the driven machine. 

Some hint as to the breadth of the reducer rat- 
ing system is given by the extensive footnotes 
that frequently accompany the manufacturer’s per- 
formance rating page. Here is a list of typical 
qualifications: 


1. Mechanical ratings apply only for a service 
factor of 1.0. 
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2. Mechanical ratings are shown in color when 
they exceed thermal ratings. 

3. Torque ratings should be evaluated at high 
ratios or at low input speeds. 

4. Overhung-load ratings assume load applica- 
tion at center of reducer shaft extension. 

5. Standard ratios listed vary plus or minus 3% 
per cent. 


In following paragraphs, key phrases appearing 
in such typical performance notes are defined and 
related to the speed-reducer rating process. 


Mechanical Rating: In an evaluation of power- 
transmission capacity of a speed reducer, clear dis- 
tinction must be drawn between actual power and 
equivalent power. 

From the standpoint of reducer rating conven- 
tion, actual power is related directly to steady-state 
requirements of the driven-machine. Calculated, 
for example, as the product of driven-machine 
torque times speed, actual power has no built-in 
factor that provides for possible shock-loading 
effects, nor is it concerned with the continuous or 
intermittent nature of the duty cycle. 

Although suggested procedures vary, driven-ma- 
chine power is normally converted to reducer 
input power by dividing machine power by antici- 
pated reducer efficiency. 

In contrast to actual power, equivalent power 
makes full allowance for expected shock character- 
istics of the prime mover and load and for the 
number of hours per day that the reducer will op- 
erate. It is obtained by multiplying actual power 
(converted to reducer-input terms) by an AGMA 
recommended service factor, Table 1. Such factors 
modify actual power to a degree that depends upon 
(1) smoothness of power transmitted to the re- 
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ducer by the prime mover, (2) shock characteris- 
tics of the driven machine, and (3) nature of the 
duty cycle, whether representing continuous or 
intermittent operation. 

In accordance with AGMA recommended system, 
mechanical ratings tabulated in reducer catalogs 
assume a service factor of 1.0. As a basis for se- 
lection, therefore, catalog mechanical rating can be 
matched directly to actual power only where the 
driven load is completely shock-free, where the 
duty cycle does not exceed 8 to 10 hours per day 
(continuous operation), and where the prime mover 
is an electric motor or similar shock-free power 
source. 

Under all other application conditions—that is, 
wherever the service factor exceeds 1.0—reducer 
selection must be based upon the calculated equiva- 
lent power. For example, assuming actual power 
required at a reducer input shaft is 5 hp and the 
AGMA recommended service factor is 1.3 for the 
application, then equivalent load is equal to 1.3 x 5 
or 6.5 hp. In this example, as in all other speed- 
reducer applications, the reducer selected must 
have a catalog mechanical rating that equals or 
exceeds the calculated equivalent load. 

To facilitate design decision as to the shock char- 
acteristic of a particular reducer application—a 
decision that prefaces determination of the service 
factor—certain typical equipment applications are 
classified as either uniform, moderate-shock or 
heavy-shock in the AGMA standard that applies to 
the reducer type under consideration.'~* Pure-liquid 
agitators, for example, are classed as uniform 
(shock-free) loads for herringbone-gear reducers. 
An ore crusher, on the other hand, represents a 
typical heavy-shock application. Naturally, definite 
decision as to the shock character of the load can 
only be made with full knowledge of actual operat- 
ing conditions that exist for an application. 

Beyond consideration of shock-loading charac- 
teristics, evaluation of the effects of momentary or 
starting overloads on a reducer is essential. Re- 
ducer gearing is usually designed to AGMA prac- 
tices and will withstand repeated short-duration 
overloads not in excess of 20 per cent of rated or 
normal load (100 per cent overload). As a check 
on reducer adequacy in a potential application with 


1References are tabulated at end of article. 
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known momentary overloads, a new equivalent 
load is obtained by dividing maximum predicted 
overload by the factor 2.0. If the new equivalent- 
power value exceeds the value obtained by consid- 
eration of shock-loading and duty cycles only, it 
becomes an overriding factor and must be used 
as the basis for speed-reducer selection. 


Thermal Rating: Friction in bearings, gear- 
tooth sliding and oil churning in the housing all 
raise the temperature of a reducer oil bath. High- 
est local temperatures are found at the contacting 
surfaces of the gearing, but rapid movement of 
these parts in the oil bath and agitation of the oil 
minimize temperature differences between the gear- 
ing mass and the oil bath. Such oil churning, inci- 
dentally, represents a significant power loss in the 
reducer. Because this loss is independent of load, 
reducer efficiency decreases with reduction in load. 

Tests show that, when a reducer has reached 
peak stable temperature, oil throughout the reducer 
is at substantially constant temperature. More- 
over, temperature of the housing walls is approxi- 
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Fig. 7—Temperature profile through typical 
reducer oil-bath and housing section. 





Table 1—Service Factors for Helical and Herringbone Reducers 





Prime Mover 


Duration of Service 


Load Classification——— 
Uniform Moderate 
Load Shock 





Electric motor 


or 
Steam turbine 


Multicylinder internal 
combustion engine 


Continuous, up to 10 hr per day 
Continuous, up to 24 hr per day 


Single-cylinder internal 
combustion engine 


*Occasional, % hr per day 
*Intermittent, 3 hr per day 
Continuous, up to 10 hr per day 
Continuous, up to 24 hr per day 


0. 
0. 
1. 
1. 
*Occasional, % hr per day 0.8 
*Intermittent, 3 hr per day Be 
i. 
1. 
1. 
1. 
1. 
® 


*Occasional, % hr per day 
*Intermittent, 3 hr per day 
Continuous, up to 10 hr per day 
Continuous, up to 24 hr per day 


0.80 
1.00 
1.25 
1.50 


Spl al ail at al ote 
SASK ASRS 
NNNK NNK eS 





*Maximum momentary or starting load must not exceed 200 per cent of catalog rating. 
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mately the same as that of the oil, unless forced- 
cooling accessories are used. 

Typical temperature profile through a convec- 
tion-cooled reducer housing is shown in Fig. 7. Agi- 
tated oil is 180 F on one side of the housing; air 
temperature is 70 F on the other. Quite obviously, 
at a given speed, two factors raise oil temperature 
and, therefore, temperature of reducer components: 
(1) increase in power transmitted by the reducer, 
and (2) increase in temperature of the ambient 
cooling air. 

Such considerations form the basis of the thermal 
rating that is an important element in speed-re- 
ducer performance specifications. By AGMA defini- 
tion, thermal rating assumes that ambient air tem- 
peratures are normal, and is defined as the aver- 
age power that can be transmitted continuously by 
the reducer without undue temperature rise and 
without artificial cooling. Thermal ratings may 
be upgraded from catalog listings when intermit- 
tent operating cycles, low ambient temperatures, or 
other conditions result in reducer operating tem- 
peratures low enough to assure proper lubrication. 

Under all other service conditions, however, ther- 
mal rating of the reducer under consideration must 
equal or exceed actual power that is to be trans- 
mitted. Obviously, since the significant compari- 
son here is thermal vs actual power, service factors 
need not be considered in the evaluation. 


Torque Rating: Input requirements for the 
driven machine in a reducer application are fre- 
quently expressed in terms of torque and speed, 
rather than power. Conversion of one data type 
to the other is, of course, quite simple. However, 
because output torque ratings are often tabulated 
in reducer manufacturers’ literature, it may be 
equally convenient to select the reducer directly 
on a torque-rating basis. In such cases, equivalent 
torque is obtained by multiplying actual torque by 
the applicable load-characteristic factor. 

Where application of a worm-gear reducer is 
contemplated, torque rating becomes an overriding 
factor under. two conditions: (1) extremely high 
reduction ratios, or (2) extremely low reducer in- 
put or worm speeds. With high reduction ratios, 
torque multiplication between input and output 
shafts is often extreme, resulting in dangerously 
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Overhung-Load Capacity, (1000 Ib) 


hrust— Load Capacity, (1000 Ib) 


~- 
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Fig 8—Reducer overhung- 
load capacity is an impor- 
tant rating factor where re- 
ducer-loa oe is 
through external gearing. 
Typical of such applications 
is this dog-biscuit dough 
roller, which handles sheets 
up to 86 in. wide. Built by 
Stewart Bolling & Co. Inc., 
the mill is driven by a 25- 
hp motor through a stand- 
ard double-enveloping 
worm unit. 
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(a) Allowable overhung loads on output shaft. 
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(b) Allowable thrust loads on output shaft. 


Fig. 9—Overhung and thrust-load ¢a- 
pacities of representative worm-geat 
reducers in three sizes. 
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high torque values in final gearing stages and at 
the output shaft. This effect is especially critical 
where sudden stalling of the driven load is a pos- 
sibility. In worm-gear applications where reducer 
input speed is less than 100 rpm, static-load con- 
ditions are approximated from a reducer lubrica- 
tion and cooling standpoint. Consequently, since 
tangential crushing loads on worm and gear teeth 
must be limited, it is usually recommended that the 
reducer be selected on an output-torque basis. 

One additional application factor leads to evalu- 
ation of reducer torque capacity, namely, installa- 
tion of a brake on the reducer drive motor. Be- 
cause rapid buildup of inertial torque follows sud- 
den application of the brake, torque rating of the 
reducer should always be equal or exceed torque 
rating of the brake. 


Overhung Load: Shaft torque rather than bend- 
ing loads is of principal concern where a speed re- 
ducer is direct-connected by flexible couplings to 
prime mover and driven machine. Where coupling 





Table 2—Overhung-Load Factors 


Factor, F 





External Drive 





Single-chain sprocket ............scseeeees 1.00 
Double-chain sprocket ...............0065 1.25 
Spur pinion ....... bad db peat we eee 1.25 
V-belt sheave oak ean enkieans anaes 1.50 
Flat-belt pulley NP : ORT re 2.50 
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is through gear, belt or chain drives, however, 
overhung load capacity of the reducer becomes a 
rating factor of importance, Fig. 8. 

Allowable overhung load for a reducer, normally 
tabulated with other performance specifications, 
assumes that bending loads will be applied at the 
middle of the reducer shaft extension. Because 
bearing capacity decreases with increasing speed, 
allowable overhung-load values decrease corre- 
spondingly, Fig. 9a. 

For a planned reducer installation, overhung 
shaft load may be calculated by transformation of 
transmitted power into equivalent overhung load 
by means of the equation 


63,025 PF 
L=- : 


nr 


(1) 


where L = equivalent overhung load, lb; P = 
transmitted power, hp; n = shaft speed, rpm; r = 
pitch radius of pinion, sprocket or pulley, in.; F = 
factor which depends upon the type shaft coupling 
to be used. AGMA recommended values for fac- 
tor F are tabulated for chain, belt, and pinion 
drives in Table 2. The manufacturer’s tabulated 
overhung-load capacity should always equal or 
exceed load L calculated from Equation 1. 

Related to overhung-load capacity of a speed 
reducer is its ability to withstand external thrust 
loads. Thrust loads arise, for example, in an appli- 
cation where coupling of the reducer to the driven 
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Fig. 10—Common ratio ranges associated with various reducer gearing 
types and stage arrangements. Limits shown are approximate. Higher 
or lower ratios can often be furnished in a given gearing type with 
moderate or no additional reducer cost. 


March 21, 1957 








machine is through external helical gearing. For 
the majority of reducers, thrust load, which is re- 
lated to speed as shown in Fig. 9b, cannot be used 
at maximum value simultaneously with maximum 
overhung-load capacity. Should externally applied 
thrust loads and overhung loads each exceed 50 
per cent of reducer capacity, the application prob- 
lem should be referred to the reducer manufacturer. 


Reduction Ratio: Basic information in the speed- 
reducer rating system is speed-reduction ratio, de- 
fined as the quotient of reducer input and output 
shaft speeds. Ratios tabulated by speed-reducer 
manufacturers are, in practically every case, ap- 
proximate values. Should requirements of the ap- 
plication demand exact ratios, or perhaps ratios in- 
termediate between those listed in the catalog, such 
nonstandard ratios can be supplied by most manu- 
facturers. 


Reducer Selection Factors 


As a convenient approach to speed reducer selec- 
tion—where variety of choice often presents a 
problem—major demands of the application can 
be grouped into two categories. In the first cate- 
gory are those factors concerned principally with 
reducer performance: reduction ratio, mechanical 
and thermal ratings, and overhung-load capacity. 

Under the second category are those selection 
factors that are concerned chiefly with the physical 
configuration of the reducer—for example, shaft 
orientation, mounting system, cooling methods and 
other accessory equipment. 

Relative rank assigned to these factors will al- 
Ways depend upon the special demands of the ap- 
plication. In almost every situation, they are 
considered collectively, rather than individually. 


Performance Factors: As a major link in a 
power-transmission system, the speed reducer has 
one first-order purpose: it permits both prime mov- 
er and driven machine to run at their optimum 
speeds. Ratio desired between these speeds, cal- 
culated as the quotient of input and output rpm, 
provides one of the first guide posts in the reducer 
selection process. 

RATIO vs TYPE: Common ratio ranges associated 
with the various reducer types, in both single and 
multiple-stage arrangement, are shown in Fig. 10. 
In almost every gearing form and ratio, reducers 
are furnished with mechanical ratings ranging 
from fractional-power sizes, Fig. 11, to those rated 
in hundreds of horsepower. Because of this variety 
of combination in ratio and power, and because 
there is considerable overlap in ratios provided by 
all types—particularly in the intermediate ranges— 
selection of a reducer is seldom resolved on a basis 
of ratio alone. Efficiency, for example, can be 
used as another useful criterion for reducer selec- 
tion. 

How simultaneous evaluation of ratio and effi- 
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ciency can help solve the reducer selection prob- 
lem is illustrated by a comparison of performance 
characteristics of, for example, right-angle worm- 
gear and spiral-bevel reducers. 

RATIO VS EFFICIENCY: Because of obvious ad- 
vantages in compactness, ruggedness and simpli- 
city, the worm-gear reducer is perhaps the most 
common right-angle drive in current use. But the 
lower limit set on practical worm-gear ratios 
(about 3:1 minimum) may not satisfy the appli- 
cation requirements, and efficiency of the worm- 
gear falls off at higher ratios. 

In contrast to the 3:1 minimum ratio of the 
worm unit, the spiral-bevel reducer, Fig. 12, has a 
ratio range starting as low as 1:1. 

Efficiency comparison for right-angle worm and 
spiral-bevel reducers is shown in Fig. 13. Up to 
the 10:1 ratio, efficiency differences between the 
two types are small. As ratios increase further, 





Fig. 11—For instrument and control appli- 
cations, precision miniature reducers can be 
specified in a variety of gearing forms. 
Planetary-gear reducer a provides a range 
of ratios from 18.78:1 to 21,808:1; weight 
is 2.5 to 8.0 oz, depending upon ratio and 


mounting style. Servo-motor gearhead 4 
employs multiple- stage spur gearing and is 
rated at 12 to 20 oz-in. torque; moment of 
inertia at the input shaft is 0.00375 gm-cm* 
maximum. 
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efficiency of the worm-gear unit drops off quite 
sharply. At 90:1 ratio, for example, the worm 
unit dissipates nearly 45 per cent of input power 
as heat (55 per cent efficiency). At the same 
ratio, the spiral-bevel reducer wastes only about 
5 per cent of input power. Where environmental 
temperatures are high, low efficiency of the worm- 



































(a) 


a) Verticc! sing!e-reduction spiral-bevel unit. 











(b) Vertical triple-reduction unit (spiral-bevel plus two helical) 


Fig. 12—Simple and combined spiral-bevel right- 
angle reducers. Single-reduction unit a provides 
ratio range from 1:1 to approximately 8:1. Cross- 
bred gearing arrangement 5 combines spiral-bevel 
input stage with two helical-gear stages. 
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gear unit may lead to the necessity for an auxiliary 
cooling system to keep operating temperatures 
within safe limits. 

Performance comparisons of this kind, pointing 
in this example to the possible merits of each sys- 
tem in different ratio ranges, are important aids 
in the reducer selection problem. In general form, 
efficiency vs ratio characteristics for the spiral- 
bevel unit, Fig. 13, approximate those for helical 
and herringbone reducer types. Fig. 3 summa- 
rizes the more common efficiency approximations 
that can be used in preliminary evaluation. In 
every application, best reducer choice will be one 
that strikes a balance between first cost, which is 
a function of reducer type and staging, and oper- 
ating cost, which is a function of operating effici- 
ciency and reducer durability. 


OVERHUNG-LOAD CAPACITY: Where coupling of 

the reducer to prime mover or driven load is direct 

—say, with either flexible or rigid couplings—tre- 
ducer overhung-load capacity is of no particular 
consequence in the selection process. Normal care 
must naturally be exercised in mounting both 
coupling and reducer so as to avoid preloading 
shafts and bearings. 

However, where external drives—for example, 
gears, chains or belts—are employed, first step in 
evaluation of reducer overhung-load capacity is to 
compute equivalent overhung load by means of 
Equation 1. The calculated equivalent load should 
never exceed the prescribed allowable value for the 
reducer under consideration. On occasion, allow- 
able overhung load may be found inadequate in a 
reducer that is entirely satisfactory on all other 
counts. In such event, several courses of action 
are open: (1) increase the pitch radius of the over- 
hung drive member; (2) select a larger size re- 
ducer; (3) select a reducer of the same rating but 
with higher than standard overhung-load capacity; 
or (4) use a special extended shaft with an out- 
board bearing. 

Chief design difference between standard and 
heavy overhung-load reducers, Fig. 14, is in use of 
heavy housings, large-diameter shafts and high- 
capacity bearings in the heavy-duty units. Out- 
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two helical 


Fig. 13 — Efficiency 
comparison for single- 
worm and spiral-bevel 
reducers. 
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Fig. 14 — Worm-gear 
reducer adapted for 
severe overhung-load 
application. Over- 
hung-load —_ on 
the low-speed shaft is 
limited only by shaft 
strength. 


Fig. 15 — Extended 
shafts and outboard 
bearings are used 
when overhung shaft 
loads exceed rated re- 
ducer capacity. Instal- 
lation a is for hot- 
strip coil conveyor. 
Double-reduction her- 
ringbone reducer with 
bedplate-mounted out- 
board bearing is 


shown in 6. 





omen 


board bearings, Fig. 15, are supplied by many man- 
ufacturers as accessories to their standard line of 
reducers. 


Nonperformance Factors: Separation of per- 
formance and nonperformance factors in the re- 
ducer selection process is not absolutely clear-cut 
in all categories. Shaft orientation, for example, 
must obviously satisfy requirements of the appli- 
cation, with space limitations and mounting con- 
venience being the principal criteria. Yet, for any 
given gearing type, not all ratios are available with 
all shaft orientations. 

As a case in point, the parallel-shaft worm-gear 
reducer is usually built with the double-reduction 
stage arrangement, Fig. 16. Lower limit on prac- 
tical ratios is therefore about 15:1. Should a lower 
ratio be required in a parallel-shaft application, 
another gearing form may satisfy ratio require- 
ments. It is also possible that cost or performance 
advantages can be realized if re-evaluation of the 
application will permit substitution of a right-angle 
reducer for the originally planned parallel-shaft 
unit. As a general rule, reducer selection should be 
considered an integral part of the overall design 
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Fig. 16 — Parallel-shaft double-re- 
duction worm-gear reducer. 


(a) Flange-mounted inline differential reducer. 


(b) Base-mounted worm-gear reducer, welded-steel housing. 
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problem. In few cases will an effective installation 
result if the reducer is simply “tacked on” after 
design of the driven machine has reached final 
form. Rational selection of the best reducer mount- 
ing style, for example, deserves careful considera- 
tion at an early point in the design study. 

MOUNTING STYLE: Because of the wide variety 
available, reducer mounting styles seldom impose 
a restriction on the designer’s choice of reducer 
location or position. Following usual convention, 
reducer mountings are grouped here under two 
general categories: (1) conventional types, where- 
in the reducer is either foot-mounted or supported 
by an integral base or flange; and (2) shaft- 
mounted types, wherein the reducer is supported 
directly on the driven-load shaft. 

Representative conventional-style mountings are 


(d) Base-mounted worm-gear right-angle reducer. 


Fig. 17—Conventional reducer mounting styles. 
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Fig. 18—Shaft-mounted speed reducers illustrating in- 
line type a and offset-shaft type 5. 


shown in Fig. 17. The flange-mounted reducer 
provides a more compact installation than other 
types and assures permanence of alignment be- 
tween reducer and driven machine. Foot and base- 
mounted units, on the other hand, allow a some- 
what wider choice of reducer position, and are gen- 
erally used where reducer ratio must be modified 
by external belt or chain drives. 

The shaft-mounted reducer, designed for mount- 
ing directly on the driven-load shaft, eliminates the 
need for reducer foundations, Fig. 18. Accommo- 
dation for different driven-shaft diameters is pro- 
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Fig. 19—Combining features of _base- 
mounted and shaft-mounted reducers, this 
right-angle worm-gear reducer eliminates 
need for flexible or rigid couplings between 
reducer and driven load. 





vided by a bushing that extends through the re- 
ducer final-drive sleeve. The reducer is anchored 
against rotation by a variable-length torque arm 
which, in the offset-shaft type, also serves as a 
belt-tension adjustment. In application, shaft- 
mounted reducers are usually combined with exter- 
nal speed-reducing drive systems, thereby expand- 
ing the ratio range and the number of intermediate 
ratios attainable. 

Combining the features of both conventional 
and shaft-mounted reducers, worm-gear units of 
the type illustrated in Fig. 19 are available. 


Fig. 20—Motorized shaft-mounted right-angle re- 
ducer drives traveling-hoist trolley wheels. Drive 
is from a 3-hp, 1800-rpm motor through a double- 
enveloping worm-gear unit mounted on a shaft 
journaled in the hoist frame. 
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Fig. 21—Standard right-angle worm-gear re- 
ducer transmits power from the power-take- 
off shaft in this lime spreader to the rotat- 
ing distributing fan. 


Mounted directly on the driven shaft without in- 
termediate couplings, such reducers are base-sup- 
ported, and therefore no torque arm is necessary. 

REDUCER WEIGHT: Although normally secondary 
to considerations of durability or economy in the 
more conventional applications, reducer weight (or 
size) may present a selection problem in mobile or 
portable installations, Figs. 20 and 21. A rough 
comparison of the weights of reducers incorporat- 
ing different gearing forms can usually be based 


Fig. 22—-Fan-cooled worm-gear reducer. High air 
velocities induced along reducer housing walls 
increase heat-dissipation rates as much as 100 per 
cent over convection-cooled models. 
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upon the stated catalog weights. Substitution of 
a reducer of different shaft orientation may lead 
to substantial weight reduction. Where a reducer 
seems ideally adapted to the demands of an appli- 
cation except for its weight, substitution of an air- 
cooled model of the same reducer type, or use of 
air-cooling accessories, may offer appreciable im- 
provements in reducer power-to-weight ratios. 

COOLING AUXILIARIES: In a reducer that is com- 
pletely satisfactory from a mechanical rating 
standpoint, thermal rating may, for some reason, 
be too low. This possibility exists wherever sub- 
stantial amounts of power must be transmitted at 
relatively high reducer input speeds, or wherever 
ambient air temperatures exceed the specified 
limit. The situation may also be anticipated where 
space restrictions may interfere with the normal 
convective cooling-air flow over the reducer hous- 
ing. 

In such cases, a possible remedy lies in the sub- 
stitution of a reducer that is a size or two larger 
than mechanical rating requirements of the appli- 
cation alone dictate. However, since the principal 
hazard of high reducer operating temperatures 
springs from poor lubrication of gearing, oil-bath 
water-cooling coils, supplied as optional equipment 
with many reducer types, may reduce oil temper- 
atures to acceptable levels. Reducers adapted for 
auxiliary cooling equipment are usually provided 
with drilled and tapped bosses, which make instal- 
lation of cooling coils a relatively simple matter. 

Where a cooling-water supply is not available, 
or where the reducer type under initial considera- 
tion makes no provision for cooling coils, air-cooled 


Fig. 23—Conversion of convection-cooled re- 
ducers to forced-air cooling is often quite sim- 
ple. Addition of impeller and air-flow control 
shields raises the thermal rating of this right- 
angle worm-gear unit without appreciably in- 
creasing physical dimensions. 





reducers offer a solution to the thermal rating 
problem, Fig. 22. Because of the forced-air scrub- 
bing of housing exteriors, such units have much 
higher thermal ratings than comparable convec- 
tion-cooled models. Load-carrying capacity is 
therefore appreciably higher than for standard re- 


(a) Pawl-ratchet unit, a combination backstop 
and flexible coupling. 


(b) Multiple paw! and ratchet unit, designed for 
integral mounting with the reducer. 


(c) Integrally mounted sprag-clutch backstop for 
minimum backlash. 


Fig. 24—Typical reverse-rotation backstops. 


ducers of equal center-distance dimensions. 

In some reducer models, either fan or water- 
cooling auxiliaries are offered as optional equip- 
ment, Fig. 23. Conversion of the basic reducer 
to the fan-cooled version is quite simple, requir- 
ing only the installation of a standard impeller on 
the worm shaft and the addition of air-flow control 
shields to the reducer housing. Neither part sig- 
nificantly increases overall reducer dimensions. 

Use of fan-cooled reducers, or the addition of 
air-cooling accessories to standard models, will 
often provide the answer to low thermal-rating dif- 
ficulties. However, recommendations on low input- 
speed limits should always be observed. Increased 
thermal ratings certified for these units presume 
operation at input speeds high enough for effec- 
tive air circulation by the cooling fan. 

BACKSTOPS: Reverse rotation of a _ reducer, 
caused by action of the load on the reducer output 
shaft, is usually undesirable. When power fails 
on a loaded, reducer-driven conveyor, for example, 
weight of the load may drive the reducer in reverse, 
spilling the load and damaging conveyor or reducer 
components. Although some gearing forms—high- 
ratio worm units, for example—are sometimes 
considered to be self-locking, the AGMA has this 
to say about irreversibility: 


For complete assurance of irreversibility, it is 
advisable to resort to use of a brake, rather than 
to rely on the self-locking characteristics of gear- 
ing. 


To prevent reverse rotation, integrally or sep- 
arately mounted backstops are furnished as ac- 
cessory equipment by practically every reducer 
manufacturer. Operating on either the sprag- 
clutch principle or as a pawl-ratchet device, Fig. 
24, backstops are usually fully automatic in ac- 


Fig. 25—Typical sprag-clutch backstop instal- 
lation. Backstops can be mounted on either side 
of a single-stage reducer, or on an intermediate 
shaft extension in multistage units. 
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Fig. 26—Torque-arm overload release for 
shaft-mounted reducer. When actuated, over- 
load device simultaneously releases belt ten- 
sion and signals presence of overload con- 
dition. 


Fig. 27—Torque control in this right-angle 
reducer, combining helical-gear input and 
worm-gear output stages, is provided by a 
torque-sensing snap-action switch on the 
worm-wheel (slow-speed) shaft. 
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tion. Best mounting position for the backstop 
depends upon the nature of the application. It can 
be on the high-speed shaft projection, or on an 
intermediate-stage shaft extension in a multistage 
reducer, Fig. 25. 

TORQUE LIMITERS: Reaction torque in shaft- 
mounted reducers is balanced by the reducer torque 
arm. For preventing overload damage in such in- 
stallations, a torque-arm overload release, Fig. 26, 
is available. Excessive force in the torque arm, 
caused by reducer overload, translates a calibrated 
spring-loaded piston in the overload release arm, 
loosening the drive belt and simultaneously cutting 
off power to the motor. The release point can be 
adjusted to suit load demands of the application. 

SHEAR COUPLINGS: With large reduction ratios, 
the conventional reducer is quite easily damaged 
by an oversized drive motor. To control excess 
torque that may be developed by heavy overloads, 
shear-pin couplings can often be employed. Pro- 
vision of a shear-pin coupling, however, is no guar- 
antee that the reducer will not be overloaded con- 
tinuously, with consequent reduction in service 
life. This is because shear pins must be sized to 
withstand the starting capacity of the reducer, and 
therefore will fail only under extreme, not moder- 
ately heavy overload conditions. 

Torque control in conventionally mounted re- 
ducers can be provided by accessories like that 
illustrated in Fig. 27. In this helical-worm-gear 
unit, excess torque in the worm-gear (slow-speed) 
shaft actuates a snap-action switch. Through the 
motor control circuit, the switch cuts current to 
the reducer drive motor. The overload release 
point can be adjusted to suit the demands of the 
application, and no resetting of the mechanism 
is required after the overload has been removed. 


Reducer Installation 


Life and efficiency of a properly rated speed re- 
ducer depend, in a large measure, upon the rigidity 
and alignment of its mounting. Misaligned shafts 
impose abnormal stresses on reducer bearings and 
couplings, leading to excessive wear and early 
failure. Flexibility in the mounting assembly will 
permit component vibration, which also results in 
bearing and gear wear, as well as increased oper- 
ating noise levels. 

Unless reducer and drive motor are mounted 
directly on the driven machine—as is possible with 
flange or shaft-mounted reducers—it is usually de- 
sirable to provide cast or welded bedplates backed 
up by a firm foundation as support for both re- 
ducer and motor. Standardized cast-iron or weld- 
ed-steel bedplates are offered by most speed-re- 
ducer manufacturers, Fig. 28. The superior stiff- 
ness of steel, section for section, as compared to 
cast iron makes the welded-steel bedplate a better 
choice for overhead installation, or wherever the 
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bedplate cannot be supported over its full length. 

Speed reducers are fabricated with certain speci- 
fied tolerances between shaft centers and base. 
Since such tolerances must be anticipated in the 
selection or design of a reducer mounting, usual 
practice is to provide for final positioning of the 
unit by means of shims. It should be noted that 
catalog reducer dimensions are presented for pre- 
liminary evaluation and calculation only. Design 
and construction of the mounting system should 


always be based on certified reducer prints. 


External-Drive Layout: Should speed reduction 
in addition to that provided by the basic reducer 
be required, it is usually advisable to confine such 
reduction to the slow-speed shaft. This practice 
diminishes the torque load on the reducer in direct 
proportion to the external-drive ratio. If reduc- 
tion between prime mover and reducer is necessary, 
the ratio should be kept as small as possible. Good 


Fig. 28—Typical welded-steel a and cast-iron b reducer bedplates. 
Bases are generally supplied as standard accessories to a line of 
packaged reducers. 


(a) Good practice: Reducer is driven directly through flexi- 
ble coupling; no overhung load is imposed on reducer in- 
put shaft. Additional reduction is obtained through spur 


ears mounted close to housing on the output shaft. _ 
® . ° (c) Bad practice: External reductions in good balance, but 


drives are mounted too far from the reducer housing. 


V-belt drive from motor to reducer, chain 
drive from reducer output shaft. Ratios of external drives are 
balanced, with larger ratio on output shaft. Drives mounted 
close to housing eliminate excessive bending loads. 


(b) Good practice: 


(d) Bad practice: External reduction drives correct- 
ly mounted, but ratio is out of balance. Large 
reduction between motor and reducer subjects re- 
ducer to possible overload. 


Fig. 29—Good and bad practices in speed-reducer installa- 
tion where external speed reduction is employed. 
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and bad practices in speed-reducer component loca- 
tion are shown in Fig. 29. 

Under certain application conditions, economies 
can be effected if external drive means are used 
to decrease required speed-reducer ratio. Assume, 
for example, that a reducer installation with a total 
ratio of 75:1 is needed. This ratio can be delivered 
by a single-stage worm-gear unit, although effi- 
ciency may be quite low and the reducer may be 
relatively bulky. A more economical combination 
may be one employing a single-stage worm unit of 
say 25:1 ratic, with the remainder of the speed 
reduction (3:1) being delivered by a chain, belt 
or spur-gear drive system between the low-speed 
shaft and the driven load. 


Gearmotors and Motorized Reducers 


Compactness, rigidity of component alignment 
and single-source responsibility for performance 
matching of the gearbox-motor combination are 


Fig. 30—Parallel-shaft 
gearmotor. Reducer 
housing encloses re- 
ducer gearing and 
holds flange-mounted 
motor in permanent 
alignment. 


Fig. 31 — All-motor 
motorized reducer 
with shovel-base 
mounting for NEMA 
foot-type motors. De- 
sign permits introduc- 
tion of flexible, rigid 
or fluid couplings be- 
tween motor and re- 
ducer sections. 
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advantages that have led to widespread applica- 
tion of gearmotors and motorized reducers. Vari- 
ety in gearmotor shaft orientation, output speed 
and power rating matches that of the separate 
reducer, and imposes little restriction on potential 
areas of application. 

Gearmotors are simply parallel or right-angle 
gearboxes combined with integral or flange-mount- 
ed motors, Fig. 30. Distinguished from the gear- 
motor—in physical appearance, if not by perform- 
ance—is the all-motor or motorized reducer, Fig. 
31. Incorporating a unified mounting base for 
both motor and gearbox, the all-motor reducer 
allows a somewhat wider choice of drive motor. 
This arrangement is particularly advantageous 
where an entire plant is standardized on a par- 
ticular motor type for interchangeability, or where 
existing motors must be utilized. Where the mo- 
tor-gearbox combination is factory specified (or 
approved), the selection process for the all-motor 
reducer parallels that for the pure gearmotor. 





a Rams 


(a) Parallel-concentric (inline) planetary unit. 
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(b) Parallel-offset single-stage helical unit with axial air gap 
motor. 


(e) Parallel-shaft two-stage unit (vertical). 


~ 
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(c) Right-angle single-worm unit (horizontal). (f) Right-angle all-motor unit, double shaft extensions. 


Fig. 32—Gearmotor shaft orientation. 
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Gearmotor Classification: Principal categories of 
gearmotor classification group these units accord- 
ing to shaft orientation, gearing type and arrange- 
ment, and motor type and enclosure. In the basic 
gearmotor, the user is often provided with op- 
tional mounting styles, or with a choice of reducer 
end-bell positions. Illustrations of the principal 
gearmotor and motorized reducer configurations 
are given in the following sections. 

SHAFT ORIENTATION: Paralleling conventional 
practice for separate reducers, gearmotor shaft 


(e) Double-reduction herringbone-worm-gear unit. 


(b) Single-reJuction helical-geor unit with standard en- 
closure. 





(f) Triple-reduction unit combining dual-coun- 
tershaft helical-gear first stage, spur-geor sec- 
ond stage and planetary-gear final stage. 


(d) Triple-reduction parallel-shaft unit com- 
bining first and second-stage herringbone 


gearing with spur-gear final stage. 
(g) Concentric-shaft planetary unit. 


Fig. 33-— Packaged gearmotors, showing ex- 


treme variety in gearing type and stage ar- 
rangement. 
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(a) Flange-mounted right- 
angle gearmotor. 


(c) Base-mounted double- 
reduction helical 


unit 


(b) Flange-mounted ver- 
tical all-motor unit. 


(d) Flange-mounted dou- 
ble-reduction gearmotor 
with explosion-proof mo- 
tor. 


Fig. 34—Basic gearmotor 
mounting arrangements. 


with split-case construc- 


tion. 


orientation is described as parallel (concentric or 
offset), right-angle, horizontal] or vertical, Fig. 32. 
Where use is feasible, the parallel-shaft gearmotor 
will probably be preferred to the right-angle type 
because it offers higher efficiency and, therefore, 
lower operating costs. Nevertheless, the right- 
angle gearmotor finds extensive application where 
mounting-space limitations take precedence over 
minor reductions in gearbox efficiency. 

GEARING TYPE AND ARRANGEMENT: As for sepa- 
rate speed reducers, gearmotor gearing can be spur, 
helical, herringbone, worm or combinations of these 
basic forms. Output speed will generally determine 
stage arrangement of the gearing, whether single 
or multiple-stage, planetary or differential. Ilus- 
tration of the variety of gearmotor gearing and 
stage arrangement is given in Fig. 33. 

Compared to its first-ranking status in the sepa- 
rate-reducer selection problem—where the user 
normally solves the motor-reducer performance- 
matching problem—specification of gearing type 
for the packaged gearmotor becomes more nearly 
the option of the manufacturer. Advantages of 
such single-source design responsibility are ob- 
vious, since the user can reasonably assume that 
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Fig. 35—Many gearmotors can be mounted in 
positions other than horizontal, although oil fill, 
check and drain plugs may need to be relocated. 
This particular model permits all-position mount- 
ing without modification. 
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the gearmotor gearing has been properly selected 
for speeds and power levels for which the unit is 
rated. Furthermore, because the motor is sized 
with a continuous rating equal to the mean steady- 
state power demands of the expected load, there 
is little chance that the gearbox section will be 
overpowered. Such considerations do not, however, 
completely eliminate possibilities of reduced serv- 
ice life or damage to the gearmotor due to mis- 
application. 

In every gearmotor, motor torque in excess of 
the continuous value is provided to break away 
and accelerate load inertia, overcome gearbox fric- 
tion and handle load pulsations that may occur 
during operation. Continued overloading, or ex- 


Fig. 36 — Double-re- 
duction gearmotor 
with fluid coupling 
between motor and 
gearbox. Magnetic 
brake on motor end 
of assembly smoothly 
decelerates load with- 
out shock. Brake be- 
tween fluid coupling 
and gearbox provides 
positive locking of 
load. 
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posure to operating shock more severe than the 
allowable value will substantially shorten service 
life of the unit. 

Except in their effect on operating costs, effi- 
ciencies of neither motor nor reducer are signifi- 
cant factors in calculations leading to specifica- 
tion of gearmotor size required. These efficiencies 
—and the associated losses they represent—have 
been taken into account in the gearmotor manu- 
facturer’s listing of output-shaft power and torque. 
Nevertheless, the user is still required to estimate 
correctly both load-characteristic and duty cycle of 
the application, and to incorporate resulting serv- 


Fluid 
coupling 





Fig. 37—All-motor motorized reducer with fluid coupling. 
Motor starts free of load and quickly approaches maxi- 
mum torque. Load acceleration is gradual with low start-. 
ing-current requirements. Mechanical isolation of motor 
protects motor from heavy shocks, protects driven ma- 
chine from effects of motor inertia. 


March 21, 1957 





ice factors in the gearmotor performance specifi- 
cations. 

The foregoing discussion applies generally to 
both the gearmotor and to the motorized or all- 
motor reducer, especially where performance 
matching of motor to gearbox has been carried 
out by the manufacturer. However, where the 
factory-recommended motor in an all-motor re- 
ducer is to be replaced by one of different char- 
acteristics or of higher rating, the installation 
must be carefully checked to ensure that the gear- 
box will not be overpowered. 

MOUNTING STYLES: Gearmotor mountings are 
normally classified as foot or base-mounted, face 
or flange-mounted. Illustration of these basic forms 
is given in Fig. 34. Although minor change in 
breather or lubrication fittings may often be re- 
quired, gearmotors can sometimes be mounted in 
any position without modification, whether shaft 
horizontal or vertical, up or down, Fig. 35. 

Motor Types: Descriptive classification of the 
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Motor current, 


=] 
° 
2 
3 
= 
ec 
[o¥) 
Vv 
- 
o 
a 
ty 
3 
c 
Nd 
) 
& 


Fluid - coupling 
torque — OO per cent slip 





motor end of a gearmotor combination usually 
specifies the following: (1) motor type, (2) power, 
(3) speed, (4) voltage, (5) phase, (6) frequency, 
(7) enclosure, (8) electrical and mechanical ac- 
cessories. 

Because of the breadth of the subject, no at- 
tempt is made in this article to present the fac- 
tors involved in selecting the best motor type for 
a gearmotor application. A detailed survey of me- 
chanical and electrical features of standard and 
special-purpose motors, all generally available in 
packaged gearmotors, is presented in Reference 9. 

ACCESSORIES AND SPECIAL DESIGNS: Performance 
characteristics of standard gearmotors can be ex- 
panded to suit wider fields of application by the 
use of standard accessories. 

Fluid couplings, for example, often used to trans- 
fer power between the motor and gearbox com- 
ponents of a gearmotor, modify the torque-speed 
characteristics of the basic motor. Such couplings, 
furnished as catalog items, are either incorporated 


Fig. 38—Performance 
characteristics of typi- 
cal 1750-rpm squirrel- 
cage motor and fluid 
coupling. 


Motor Current, (percent full load) 





Speed, (rpm) 


ry i 1 
800 1000 1200 


1 1 
1400 1600 


Fig. 39 — Triple-re- 
duction ac brakemotor 
unit. 
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in the gearmotor design, Fig. 36, or are supplied 
as auxiliary equipment that can be added. 
Performance advantages offered by such an in- 
stallation are: (1) reduction of starting over- 
loads, (2) smooth acceleration of the load, and 
(3) absorption of operating shocks, Performance 
of a typical squirrel-cage motor driving through 
a fluid coupling is illustrated in Fig. 38. Because 
the motor starts at essentially no-load condition, 
starting currents are substantially reduced, and a 
smaller motor than might normally be required 
in a fixed-coupling gearmotor can be specified. 
Magnetic brakes, often in combination with fluid 
couplings, are also available as integral or sepa- 
rately mounted gearmotor accessories. The ar- 
rangement in Fig. 36, incorporating one brake on 


Fig. 40—Extended-bearing gearmotors for heavy 
overhung loads. All-motor unit a has steel hous- 
ing. Unit 4 is for agitator application. 
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the motor end of the assembly and another be- 
tween the fluid coupling and the gearbox, pro- 
vides smooth deceleration of the load inertia 
through the fluid coupling, plus positive locking 
of the load where desired. Fig. 39 illustrates an 
integral-brake unit without the fluid-coupling. 

Normally, when overhung loads exceed the cata- 
log rating for a gearmotor that is otherwise satis- 
factory, the next larger size can be specified. Spe- 
cial extended-bearing gearmotors have been made, 
however, as shown in Fig. 40. 

Representative of the variety of nonstandard 
gearmotor types that have been built are the mul- 
tiple-shaft units shown in Fig. 41. In Fig. 42, a 











Fig. 41 — Multiple-shaft gearmotors. 
Four-shaft unit 4 is custom-built pump 
drive unit. Two-shaft unit 6 may be 
offered as standard item. 

















Fig. 42 — Multimotor 
ackaged drive assembly 
incorporating 1750-rpm 
motor coupled through 
overrunning clutch to 
right-angle, 100-rpm 








gearmotor. 
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(Figs. 5c, 25, 32f, 40a) Milwaukee, Wis. 
Farrel-Birmingham Co. Inc. 

(Fig. 15b) Ansonia, Conn. 
Foote Bros. Gear & Machine Corp. 

(Figs. 5b, 24b, 28b, 34b) .. Chicago, Ill. 
General Electric Co. 

(Figs. 32a, 33g, 41a) Schenectady, N. Y. 


Link-Belt Co. 
(Figs. 5a, 15a, 17b 24c, 28a, 37) . Chicago, IIl. 
Master Electric Co. (Figs. 33c, d, e) .Dayton, O. 


Metron Instrument Co. ....... Denver, Colo. 
Michigan Tool Co., Cone Drive Div. 

(Figs. 8, 19, 20, 21, 23) : Detroit, Mich. 
National Pneumatic Co. Inc., 

Holtzer Cabot Div. . Boston, Mass. 
Ohio Gear Co. (Figs. 4d, 17c, 29) Cleveland, O. 
Perfection Gear Co. ..............Harvey, Ill. 
Philadelphia Gear Works 

(Fige. 4b, 27) ... Philadelphia, Pa. 
Reliance Electric & Engineering Co. 

(Figs. 34d, 39) : Cleveland, O. 
Reuland Electric Co. 

(Figs. 36, 38) . Alhambra, Calif. 
A. O. Smith Corp. (Fig. 33f) Los Angeles, Calif. 
Snow-Nabstedt Gear Corp. Hamden, Conn. 
Stephens-Adamson Mfg. Co. ........Aurora, Ill. 
Sterling Electric Motors Inc. 

(Figs. 35, 40b, 41b) Los Angeles, Calif. 


U. S. Electrical Motors Inc. 
(Figs. 30, 32c, 33b, 42) ....Los Angeles, Calif. 
Western Gear Works 


(Figs. 2c, d, 12a, b, 31) ......Lynwood, Calif. 
Westinghouse Electric Corp. 
(Figs. 32e, 34c) . ... Pittsburgh, Pa. 


Winsmith Inc. (Figs. 2a, b, 6b, 17a) 
. Springville, Erie County, N. Y. 
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SPEED REDUCERS AND GEARMOTORS 








Per Cent Load 


Fig. 43—Variation of 
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allowable intensity of 





shock with frequency 
and duration of peak 
loads. 
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multimotor packaged reducer is illustrated, incor- 
porating a horizontal] motor and a flange-mounted, 
right-angle gearmotor coupled by an overrunning 
clutch. This combination provides either 1750 or 
100 rpm at the output shaft, depending upon which 
motor is driving the assembly. 


Gearmotor Selection Factors 


As in selection of a separate speed reducer, fre- 
quency and severity of shock and duty cycle modi- 
fy steady-state power requirements of the gear- 
motor application. To assist the user to evaluate 
driven-load characteristics, AGMA has defined the 
following gearmotor service classes :7: § 

CLASS 1: Steady loads not exceeding the normal 
rating of the motor in 8-hr per day service, 
or moderate shock where service is intermittent. 

CLASS 2: Steady loads not exceeding the normal 
rating of the motor in 24-hr per day service, 
or moderate shock for not more than 8 hr per 
day. 

CLASS 3: Moderate shock loads in 24-hr per day 
service, or heavy shock for not more than 8 hr 
per day. 

Allowable intensity of shock varies inversely 
with the frequency of peak load occurrence. Per- 
missible peak-load frequency for the various serv- 
ice classes is given in Fig. 43. Service class, plus 
driven-machine power and speed are information 
elements that dictate gearmotor rating. 

Where coupling of the selected gearmotor to 
the load is by gearing, chains or belts, overhung- 
load capacity requires evaluation. In lieu of a 
stated allowable overhung load, gearmotor data 
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sheets often give the minimum allowable sprocket 
size that will keep shaft and bearing loads within 
design limits. These recommended sprocket sizes 
assume application of the load at the midpoint 
of the gearmotor shaft extension. As for a separate 
reducer installation, minimum sprocket diameters 
must be multiplied by the appropriate overhung- 
load factor (Table 2) to make allowance for an 
effective load-application point. 


REFERENCES 


Applicable standards of the American Gear Manu- 
facturer’s Association for geared speed reducers are: 


1. ‘‘Helical and Herringbone Gear Speed Reducers,’’ AGMA 420.02, 
Feb. 1951. 

2. ‘“‘High Speed Helical and Herringbone Gear Units,”” AGMA 
421.03, May 1955. 

3. ‘‘Bevel and Combination Bevel-Helical and Bevel-Herringbone 
Gear Speed Reducers,’’ AGMA 430.02, Jan. 1954. 

4. “Practice for Cylindrical-Worm Gear Speed Reducers,’” AGMA 
440.02, Sept. 1952. 

. “Practice for Double Enveloping-Worm Gear Speed Reducers,’’ 
AGMA 441.02, Jan. 1954. 

. ‘Application Classification for Enclosed Speed Reducers,’’ AGMA 
151.01, June 1955, (Tentative). 


Similarly, standards covering gearmotors are 


. “Practice for Gearmotors,’’ AGMA 460.03, March 1953. 
. “Application Classification for Gearmotors,’”’ AGMA 
March 1953. 


A comprehensive survey of design features and se- 
lection factors affecting choice of the electric motor 


in a gearmotor unit is presented in 


9. John W. Greve—‘‘Electric Motor Drives,’’ MACHINE DESIGN, Vol. 
24, No. 4, April 1952, Pages 126-188. 
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Extra Copies 


Extra copies of “Speed Reducers and 
Gearmotors,” bound as a pamphlet, 
may be obtained for $1.00 each from: 
Reader Service Dept., MACHINE DE- 
SIGN, Penton Bldg., Cleveland 13, O. 

















NDUCTION brazing can be defined as the proc- 
ess of electrically heating two or more metal 
parts to the melting point of a nonferrous 

filler metal which melts at a lower temperature 
than the parts to be joined. When heated by in- 
duction coils, the filler material melts, wetting the 
surfaces to be joined and creeping into and through 
each internal surface of the joint by capillary 
action. There is little oxidation or distortion of 
the work parts because the annealing is shallow. 
Heating only the braze area permits minimum heat 
requirements and facilitates rapid, high-production 
assembly. 

Filler metals considered here are the silver braz- 
ing alloys. These fillers melt at temperatures 
above 1100F. Silver solder is satisfactory for all 
ferrous and nonferrous metals except aluminum, 
magnesium, and their alloys, and metals which 
melt below about 1700 F. Strength of a brazed 
joint varies with the thickness of the filler mate- 





rial and with the area of the effective joint. 

Clean surfaces are essential for satisfactory braz- 
ing. These surfaces must be properly cleaned to 
remove dirt and grease. Fluxes must be applied 
before joining to dissolve oxides formed during 
the heating cycle. Parts should be moved slightly 
with respect to each other instantly after the silver- 
braze material starts to melt. This wiping action 
helps the filler to displace the melted flux and per- 
mits contact with both joint surfaces. Final de- 
sign of a joint must always be tested to see that 
it adequately meets strength requirements. 

Strength of properly brazed joints is between 
the strength of cast brazing metal and that of the 
base metal. There is no easy “rule of thumb” 
which can be applied to compare the strength of 
brazed joints with arc-welded joints. It is possible 
to burn away part of the parent metal in arc-weld- 
ing; nevertheless, the butt-welded joint is general- 
ly stronger than the butt-brazed joint. However, 
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Fig. 1—Simple parts —_— 
require minor design J 
changes, if any, tO WYQyyy OO WOO Yy 
adapt them to induc- 
tion brazing. As origi- Furnace Brazed induction Brazed 
nally copper brazed, 
spud was a press-fit to 
hole in shell and fastened with screws to prevent shifting in atmosphere furnace. 
Redesign provides 0.003-0.005-in. clearance between parts and allows reduction 
of outside diameter by elimination of fasteners. 
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when a lap-braze joint has a lapping surface area 
equal to or greater than three times the thickness 
of the thinner part, the brazed joint is stronger 
than the thinner parent metal. The joint strength 
is greatly influenced by the clearance and the 
resultant filler-material thickness. 

Clearance between parts to be joined should be 
between 0.0005 and 0.003-in. at brazing temperature 
to insure sufficient room for the filler materials 
to flow properly between the contacting surfaces. 
By using preformed silver solder with exactly the 
right amount of material, waste is eliminated. 

Redesign for induction brazing should be con- 
sidered if the per-unit production-cost study shows 
that a savings can be effected or if the product 
quality can be improved substantially. There- 
after, final justification must be based on the total 
production quantity involved. 

Although the design changes are usually rela- 
tively simple, many factors must be considered 
when such a change is contemplated: 


1. Metal parts to be joined and clearance between 
them. 

2. Strength of joint required. 

3. Ease of assembly. 

4, Ease of applying induction heat. 


Many existing assemblies can be readily induc- 
tion brazed without change. Others may require 
slight design modifications as indicated in Figs. 
1, 2 and 3. A frequently required modification 
is involved where a relatively thin-walled section 
is brazed to a heavy part. In such cases, to assure 
proper heat distribution, the heavy part should be 
reduced in thickness, as shown in Figs. 4 and 5. 

Designers should give careful consideration to 
the cost of the special preformed brazing alloy 
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Coined f 
washer 


Arc Welded ingiction Brozed 


Fig. 2—Redesign of bos:, originally arc- 
welded to cylinder. Parts are assembied with 
coined silver-alloy washer. By spotfacing 
shell of cylinder, no precision assembly fix- 
tures are needed to achieve alignment. Sil- 
ver brazing provides pressure-tight joint. 


Raised flat on Coined 
Poor bond area plate face washer 


Hond Brazed induction Brazed 


Fig. 3—Oil filter assembly requires re 


sure-tight bond between shell, tube, and re- 
inforcing plate. Original hand brazing had 
insufficient control of heat, resulting in 
leaking joints. By coining flat surface on 
reinforcing plate and using a coined silver- 
solder washer, defective assemblies were 
eliminated. Heat is applied from inside the 
shell. Improved conduction through flat 
area on reinforcing plate, and wiping action 
from settling of plate when material melts, 
assures acceptable bond. 
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Fig. 4—Hydraulic ram assembly was origi- 
nally machined from solid bar stock. Re- 
designed assembly resulted in large material 
savings. One piece unit was carburized and 
hardened. In redesigned unit, only the rod 
is case hardened and ground (before braz- 
ing). Annealing of surface of rod is re- — 
stricted to 1 in. below end of sleeve. Re- 
moval of stock at end of rod improves 
heating. 


N Fig. 5—Redesign of — 
arc-welded clevis and i 
cylinder assembly in- 
volved locating inlet 
in clevis to eliminate 
one bond. Removal of 
material from clevis 
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ciner improves heating and 
solder original press fit was 
changed to 0.0025-in. 
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clearance. Unit is 
brazed in a vettical 
position with heat 
provided by two coils. 
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Arc Welded 


employed. Round wire rings, Fig. 6, are generally 
the least expensive. Depending on internal and 
external diameters, the flat washer preform is gen- 
erally the most expensive. A coined washer results 
when a round wire ring is flattened, Figs. 1, 2, 3 
and 5. Figs. 7 and 8 show assemblies employing 
flat ring washers. Weight of the preform, opera- 
tions required to produce it, and the resulting 
scrap are factors determining preform costs. For 
some joints, flat ring preforms offer specific ad- 
vantages over round rings: 


1. Less depth of machining cut to remove material 
from the parts in order to accommodate the pre- 
form. 

2. Greater area of contact between brazing ma- 
trial and mating surfaces results in better heat 
conduction and improved capillary flow of filler. 

3. When one of the parts is heated principally 
through conduction from the mating part, a flat 
ring melts sooner and flows better. 

4. Flow and wetting characteristics are better. 
This results in fewer voids from overheating or 
oxidation. 


Brazing will join parts produced by different 
processes, such as stampings, forgings, screw-ma- 
chine products, cold-headed parts, or tubular sec- 
tions into an assembly which is impractical or un- 
economical to make in one part. Parts made of 
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As silver solder pre- 
form melts, clevis set- 
tles into position. 





Induction Brazed 





Fig. 6 — Threaded head is induction 
brazed into end of hydraulic cylinder. 
Notice honed interior of cylinder and 
use of two round-wire preforms to pro- 
vide sufficient filler material to braze 
long contact surface. 


the same metal are usually easier to design for 
brazing than dissimilar metals. Although it is 
possible to braze ferrous metals very successfully, 
certain precautions must be taken, or results may 
not be satisfactory. Poor results are frequently 
encountered when a metal with a high coefficient 
of expansion is placed inside a metal having a 
lower coefficient. 

Size of parts which can be induction brazed 
varies from small silver contacts on electrical 
switches to parts weighing many pounds. Strength 
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Fig. 7 — Assembly of 
cylinder plug requires 
a hermetic bond and 
protection of honed 
surface of cylinder. 
Original ressed-in, 
arc-welded design was 
modified to allow 
0.002-in. clearance per 
side. Shallow groove 
for flat-wire preform 
speeds machining. Flat 
ring provides high 
heat conduction and 
good capillary flow. 
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INDUCTION BRAZING 


Flat-wire 


Induction Brazed 











Fig. 8—Projectile as- 
sembly utilizes advan- 
tages of flat-wire pre- 
form. With original 
round wire, difficulty 
was encountered in 











achieving proper pene- 
tration of filler metal 
between threads. Bet- 
ter melting and wet- 











ora | of flat wire 
‘ani complete 
nding. 


Round-Wire Preform 


required, power available or needed, and handling 
problems generally determine the upper size limits 
for practical induction brazing. Heavy sections 
can generally be welded more economically. 

Ease of assembly is especially important when 
production rates are high. Greater permissible 
tolerances result in lower manufacturing costs. 
Generous clearances between parts to be assembled 
also yields cost savings. However, clearances in 
excess of 0.006-in. should be avoided if at all pos- 
sible, because joint strength sharply decreases 
when excess filler material is used. Properly de- 
signed silver brazing preforms will permit rapid 
assembly and insure uniform quality of the brazed 
joints. 

An important design consideration is the place- 
ment of parts to be brazed in proximity to the 
induction-heater work-coil. Usual clearance be- 
tween the assembled parts to be brazed and the 
coil is approximately 1/16-in. to %-in. At no time 
should parts contact the work coil. When produc- 
tion rates are high, special jigs and fixtures can 
be utilized to move parts into and out of the work 
coil of the heater. 

Induction heater work coils can be made to sur- 
round the parts or the parts to be heated may sur- 
round the coil. In some cases, coils are made to 
do both. A design which permits easy loading into 
a coil can save the cost of expensive jigs and fix- 


March 21, 1957 





Complete 
bond 


inadaquate 
bond at 
bottom 
of area 























Flat-Wire Preform 


tures. Furthermore, the time saved in reloading 
can increase production output of the heater. Work 
coils vary in cost depending upon their complexity. 
Most of them range in price from fifty to several 
hundred dollars. The cost of a specific work coil 
can be readily determined after the exact require- 
ments are known. Work coil cost covers design, 
materials, manufacturing and testing. Of these 
factors, the material cost is often the least expen- 
sive. Many induction-heater users have become 
proficient in designing and building their own 
work coils. 

Design engineers should weigh all factors af- 
fecting the cost of manufacturing and quality of 
the finished product. Among the more obvious 
factors are: 

1. Is production demand adequate to consider 
the investment for induction brazing? 

2. What type of brazed joint will provide ade- 
quate strength? 

3. How will the effect of additional machining, 
if any, influence comparison with previous cost? 

4. Will the cost of silver-brazing alloy offset 
other savings? 

5. How will the labor cost for the induction- 
brazing compare with the previous method? 

6. If several parts are to be induction brazed, 
can they be handled by the same size unit merely 
by changing the work coil? 
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ACHINE and structural parts often have 

grooves, fillets, holes or other physical 

discontinuities that produce stress con- 
centrations. Sometimes these stress concentrations 
are produced by material flaws, such as blow-holes, 
inclusions, laminations and quenching cracks. The 
term “notch” refers either to geometric discon- 
tinuities produced by machining, or to metallurgi- 
cal discontinuities caused by flaws. The pres- 
ence of such notches reduces the strength or load- 
carrying capacity of a member because combined 
stresses are introduced at notches and because 
the maximum principal stress increases at the 
notch. 


Stress-Concentration Factors 


Reduction in fatigue strength, resulting from 
the presence of various stress raisers, such as 
grooves, holes, threads and fillets, has been studied 
by many investigators. Various methods of inter- 
pretation of fatigue-test results for notched speci- 
mens have been used.*! None of these methods, 
however, gives a complete interpretation. The 
problem is complicated by the many factors that 
influence the behavior of a notched specimen sub- 
jected to fluctuating stresses. 

In a notched specimen, triaxial stresses with 
variations in the state of stress throughout the 
cross section are produced. Because of this stress 
gradient and variation, shape and size of the 
specimen have an influence on its strength. Fur- 
thermore, when plastic flow occurs during the 
fatigue life of the specimen, reduction and redis- 
tribution of stresses result. The method of stress 
calculation based on the elastic theory is then in- 
applicable. Similarly, theories of yield strength 


™References are tabulated at end of article. 
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are not applicable if appreciable plastic flow oc- 
curs. These and other complications have made 
difficult the accurate prediction of the fatigue 
strength of notched specimens from the fatigue 
strength of unnotched specimens. 


Fatigue-Notch Factors: A measure of the in- 
fluence of notches as obtained from test results 
is usually expressed by the fatigue-notch factor. 
This factor k, is defined as the ratio of the fatigue 
strength of unnotched specimens at N cycles to 
the fatigue strength of notched specimens at N 
cycles. 

Tests show that the value of the fatigue-notch 
factor k, is less than the theoretical static stress- 
concentration factor k, based on the theory of 
elasticity, where the theoretical stress concentra- 
tion k, is defined as the ratio of actual maximum 
stress at the notch to the nominal stress based 
on elementary formulas. 

The value which the theoretical stress concen- 
tration attains in fatigue is measured by the 
notch-sensitivity factor, which is defined as 

ky—1 

i (79) 

ke, — 1 
The relationship between the notch-sensitivity 
factor q and the theoretical stress-concentration 
factor k, is shown in Fig. 30. A value of q = 1 
occurs for k, = k,. The complexities involved in 
interpreting the fatigue strength of notched speci- 
mens are due to the fact that q depends not only 
upon the properties of the material, but also upon 
shape and size of the specimen. 

Provision for fatigue stress concentration in 
design is usually made by introducing the fatigue- 
notch factor (sometimes referred to as the fatigue- 
reduction factor) in the working-stress relation. 

A modification in this procedure is suggested 
by Peterson.2! This modification considers the 
combined stress cffect at a notch. A combined 
stress-concentration factor k,’ as applied to notches 
is defined as the theoretical stress-concentration 
factor which takes into account the effects of 
stress concentration and combined stresses. Peter- 
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son bases the combined stress effect for ductile 
materials on the distortion-energy theory. On this 
basis the relation between k; and k;,' is 


017 — 0; 02 + ao” Ra (80.1) 
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k, (1 (80.3) 


where o, = the nominal stress, and ¢ = go/a. 
From Equation 79, the theoretical factor k,,’ 
can be expressed in terms of k,’ and q. That is, 


ku’ = q(ki’ — 1) +1 (81) 


From available notch-sensitivity data, values of k, 
or k,;/ can be obtained from Equation 79 or 81. 
For determining these values, graphs are available 
showing variations in notch sensitivity with notch 
radii for various materials and types of notches. 
Application of stress-concentration values in de- 
sign is outlined in the following section. 


Design for Stress Concentration 


Working relationships used in design of mem- 
bers subject to stress-concentration effects de- 
pend, in general, upon the nature of the fluctuat- 


Fig. 30—Notch sensi- 
tivity of steels. Curves 
represent average val- 
ues for V-notch trans- 
verse holes, circular 
fillets, and semicircu- 
lar grooves. 
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Stress Concentration Factors 
Design for Stress Concentration 
Temperature and Surface Effects 


ing stress. Two types are distinguished: (1) 
completely reversed stresses, and (2) superim- 
posed static and alternating stresses. 


Completely Reversed Stresses: Working stress 
for a grooved bar subjected to completely reversed 
axial stress is 

CP GC. 
= ——— = —— —_——_ (82) 

ky’ N = [q( kK’ — 1) + 1]N 

where og, the axial nominal stress, ¢, = the 
fatigue strength for completely reversed axial 
stresses, and N = the factor of safety. In evaluat- 
ing o, from Equation 82, the designer may obtain 
the theoretical stress-concentration factor k,’ from 
Equation 80, and the notch-sensitivity values from 
published data.* 

In view of the limited knowledge available on 
fatigue stress-concentration factors for brittle ma- 
terials, use of the theoretical factor k, in place 
of the fatigue factor k,,/ is recommended.” 

For grooved bars of ductile materials subjected 
to both reversed axial loads and reversed torsion, 
the working-stress design relation based on the 
distortion-energy theory becomes 

OP - 
7 ) (83) 
where k;,, = q(k:,—1) + 1, ky, = the theoretical 
static stress-concentration factor considering the 
combined stress effect, and +r, = the reversed 
nominal stress amplitude. 


(Key Gq)? + 3 (Ktsy %%;)* = ( 
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For brittle materials and completely reversed 
combined stresses, the Mohr theory has been re- 
commended.”! 


Superimposed Static Stresses: For ductile ma- 
terials and fluctuating axial stresses in a grooved 
bar, with nominal mean stress g,, and nominal 
alternating stress o,, various procedures have been 
suggested to provide for stress-concentration ef- 
fects. The most common method is to apply a 
stress concentration factor to the alternating stress 
or, Only, and to assume that plastic flow has re- 
moved the static stress concentration. On this 
basis, the modified Goodman relation, Equation 
44, gives the design equation, 


N «@, 
(ky o,) + | 


e Cy 


(84) 


where N, the factor of safety, is assumed to be 
the same for both static and fatigue stresses. 
From the Soderberg straight-line relation, Equa- 
tion 45, the design relation for axial stress is de- 
rived as 
om 


N N 
—— (ky o,) + —=1 
Ge Typ 


(85) 


For combined fluctuating stresses in ductile ma- 
terials, the maximum shear theory and the uni- 
axial design equation, Equation 85, have been 
recommended.?® 21 

For brittle materials, Peterson?! suggests that 
the theoretical stress-concentration factor be ap- 
plied to both the static and alternating stress com- 
ponents. Thus, Equation 84 is replaced by 


(ky o,;) + (86) 


0, Oy 


(ky om) =1 


For combined fluctuating stresses and brittle 
materials, the Mohr theory has been recommend- 
ed.?! 


Modified Working Relationships: Although the 
foregoing methods of providing for stress con- 
centration in fatigue are acceptable, it is believed 
that the following simpler and more general meth- 
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Fig. 31—Influence of elevated tem- 
perature on o,—WN curves. 





od could be used. 

In Equation 84 for axial fluctuating stress in 
a grooved bar, a stress-concentration factor is 
applied to the alternating part of the stress only. 
The assumption is that plastic flow makes it un- 
necessary to apply a stress-concentration factor to 
the static part of the stress. This procedure has 
been justified on the basis that it gives best agree- 
ment with test values. It should be realized, how- 
ever, that for certain combinations of stresses o, 
and g,,, and strength values o,, the stress o,, may 
be in the elastic range or in the initial part of the 
plastic range. Under these circumstances, static 
stress concentration cannot be neglected. Lack of 
sufficient test data on this problem supports the 
proposal that a stress-concentration factor be ap- 
plied to the static mean stress g,,, since this leads 
to conservative design. In applying a stress-con- 
centration factor to mean stress o,, the designer 
should use the plastic theoretical stress-concen- 
tration factors (if such values are available), 
rather than the stress-concentration factors for 
the elastic range. Then, to provide for stress con- 
centration, the general uniaxial failure relation, as 
expressed by Equation 47, is replaced by 


k ™ n k m 
[2 } ee ( ee. ) =] (87) 
Oe Oy 


where k;, is the static “elastic” or “plastic” stress- 
concentration factor. 

Application of factors of safety N, and N, to 
Equation 87 gives the design relation for uniaxial 


stresses: 
( ky om )] =1 


[= (mwer) P+ [= 


For completely reversed combined loads, it is 
recommended that Equation 63, with corrections 
for stress concentration, be used for both ductile 
and brittle materials. If the loads are not com- 
pletely reversed, Equation 74 can be used for both 
ductile and brittle materials, providing stress-con- 
centration factors are introduced. 

Design relations for combined stresses, includ- 
ing the effect of varying stress amplitudes and 


(88) 
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Fig. 32 — Relationship of static 
stress to time to rupture. 
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number of stress cycles, can also be obtained from 
relations given in Part 3 of this series. 


Other Design Factors 


Many factors other than strength must be con- 
sidered in the design of members subjected to 
fatigue loads. Effects, such as temperature and 
creep, corrosion and damping, may greatly in- 
fluence the design stresses that are selected. Sur- 
face effects, including surface roughness and re- 
sidual stresses, also modify the fatigue strength 
of parts. Some of these considerations are dis- 
cussed here. 


Elevated Temperatures: For members subjected 
both to fatigue loading and to elevated tempera- 
tures, the designer must guard against two pos- 
sibilities: (1) failure by fatigue, and (2) failure 
by excessive creep deformation produced by the 
elevated temperature. The characteristic distin- 
guishing these two events are that creep is a 
time-dependent phenomenon, while fatigue failure 
depends upon the number of load cycles. In the 
latter case, frequency of the fluctuating stress 
must be considered. Considerable data have been 
obtained on the effect of elevated temperature on 
fatigue. Some of these results are reported in Re- 
ferences 23, 27, 33 and 72 to 75. 

Illustration of the influence of elevated tem- 
peratures on fatigue strength (completely reversed 
stress) is given by the o,—N diagrams of the 
type shown in Fig. 31. 

For the case of combined static and alternating 
stresses and high temperatures, static creep-rup- 
ture data like that shown in Fig. 32 are obtained. 
Failure relations based on fracture for various 
combinations of alternating and mean stresses are 
plotted in Fig. 33.7% For failure defined by N, 
cycles, as represented by curve AB, point B is the 
stress at rupture for the time represented by N, 
cycles and for the particular temperature con- 
sidered. Point A represents the fatigue strength 
for complete stress reversal at N, cycles at the ref- 
erence temperature. Points along the curve AB 


Temperature = 7, 


Voriable Stress, 0; 








Mean Static Stress, 7, 


Fig. 33—Influence of mean stress on 
failure by fatigue and creep. 
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correspond to fracture produced under combina- 
tions of both static and alternating stresses. For 
design purposes, the failure relation AB, Fig. 33, 
can be expressed by the elliptical relation, ** 


2 2 
ye bg oo 
Cet tt 

where o,; and go}; are, respectively, rupture strength 
values for completely reversed and static stresses, 
corresponding to N; cycles and temperature T,. 

Relations similar to those in Fig. 33, with the 
exception that curves are plotted for a certain 


percentage total strain rather than fracture, are 
given in Reference 75. 


Fatigue and Damping: For machine and struc- 
tural parts which may be subjected to near-reso- 
nant vibrations, the fatigue strength of the ma- 
terial is not a sufficient basis for design. The in- 
ternal damping properties of the material must 
also be considered. A survey on determination of 
damping and criteria for design based on both 
damping and fatigue-strength properties of mate- 
rials are presented in Reference 24. 


Miscellaneous Design Considerations: The sur- 
face condition of members subjected to fatigue is 
important because most failures in fatigue start 
at the surface. Three surface conditions may in- 
fluence the fatigue strength of members: (1) 
roughness of the surface, (2) difference between 
the strengths of the core and outer shell, and (3) 
residual stresses in the surface layers. The in- 
fluence of surface effects on fatigue strength is 
discussed in detail in Reference 23. 

In using the data from laboratory specimens, 
the designer must consider the many differences 
between the part to be designed and the small 
laboratory specimen. Because of these differences 
it is sometimes necessary to conduct fatigue tests 
on component parts of machines and structures. 

In the selection of design stresses, methods to 
be used for fatigue-crack detection and provisions 
for inspection are important considerations.”* Al- 
though the designer should consider all possible 
ways of increasing the fatigue strength of mate- 
rials, it is often more important to observe good 
design practices which relate to the configuration 
of the part (References 23, 27 and 77). 
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CONTEMPORARY DESIGN 


Piano-Key Controls and Removable Doors 
Are Design Features in Electric Range 
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Plugging in the aluminum grill parallel-con- 
nects both the front-left and back-left surface 
units. Temperatures of both units are then 
thermostatically regulated through the slide 
control. The grill itself incorporates neither 
controls nor heating elements. 
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Lighted piano-key pushbutton switches 
control three of the four surface units in 
the new G.E. Liberator eiectric range. 
Temperature of the left-front unit is set 
by a continuously adjustable slide type 
control. Internal meat temperature is 
registered on a meat-thermometer dial 
sensed by a plug-in probe. 


Removable oven-door design permits 
easy cleaning. Either door is removed by 
opening to the “broiler-stop” position and 
lifting the handle in an upward direction. 
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CONTEMPORARY DESIGN 


Hydraulic Motors Mounted Inside 
Rear Wheels Propel Tractor 


An all-hydraulic drive for a diesel- 
powered agricultural tractor has been 
developed by the National Institute 
of Agricultural Engineering, Silsoe, 
England. The tractor operates at 
any speed between 0 and 6 mph. 
Overall efficiency exceeds 85 per 
cent at 3 mph. 


In operation, power from the en- 
gine drives a variable-displacement 
pump which has a rotary block with 
cylinders parallel to the axis. Pistons 
in this pump are linked to a ring 
whose angle of tilt is changed to vary 
stroke and, in turn, volume is dis- 
placed. When the ring is normal to 
the axis, both pump stroke and out- 
put are zero. Direction of oii flow, 
which determines whether the trac- 
tor will move forward or backward, 
is reversed by changing angle of tilt 
of the pump ring from positive to 
negative or vice-versa. Fluid is forced 
from the pump to the five-cylinder 
radial motors mounted in the rear 
driving wheels of the tractor. Torque 
applied to the wheels, as well as 
speed of wheel rotation, is varied by 
changing both angle 
of tilt of the pump 
ring and pump speed. 
The wheels are 
braked when _ the 
pump ring is moved 
to a neutral position. 


Moke-up 
tank 
Relief 
valve 


Illustrations, courtesy 
Electrol Inc. Encess-oir_) 


The hydraulic motors, located inside the driving wheels, 
are equipped with cylinder blocks that turn with the wheels 
about stationary shafts; large eccentric members are secure- 
ly mounted on each shaft. Thrust from the motor pistons 
is transmitted through piston rods to metal shoes that bear 
against a roller-bearing race ring on each eccentric. Hy- 
draulic fluid is delivered to the motors via annular passages 
in each stationary shaft, with flow to cylinders controlled 
by valves bearing on circular plates. Oil exhausted from 
the motors is returned through an annulus in a sleeve around 
the fixed shafts. At 2600 psi the ring shoes take a piston 
thrust of approximately 35,000 lb. Since the two motors 
are connected in parallel, differential action between them 
is automatic and a slowing of one wheel motor causes in- 
creased oil flow to the other. 


Filter 


7Low- pressure 
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Fixed orifice 2 , supply Fig. 19—In this valve- 
| cylinder servomechan- 
Flapper —nozzle | ism, input is a voltage 
pilot valve = which is electronically 
f) Return oo amplified and used to 
Input voltage i | F antsy control a solenoid 
= mit = ie an TTT valve. Feedback quan- 
V1 | amplifier C Solenoid tity is also a voltage 
° =, 4 F—1_lec0o4 supplied by a poten- 
eat 4 [ 4 : Main volve tiometer connected to 
Controlled 0 iW the output device, a 
cdumaahs O hydraulic cylinder. A 
TT TT schematic diagram is 
1k, cals ie, left at a. A block dia- 
ia ylinder ‘ 
a> gram for the system is 

output «= (7) right at b. 

Potentiometer displacement 





Hydraulic Servos—3 


By J. M. Nightingale, Manchester, England 





ETHODS for analyzing a practical servo 

system of the valve-cylinder type were dis- 

cussed in earlier parts of this article.® ° 
This part will extend the frequency response meth- 
ods to more complicated systems. The system to 
be considered, Fig. 19a, includes an electronic 
amplifier, a magnetic relay and a hydraulic pilot 
valve in addition to a valve-cylinder relay such 
as was discussed before. In this instance the hy- 
draulic relay is an open-loop device. 


System Equations: Equations relating input and 
output for this system are: 


e=— 6 — & (32) 


V = Kye (33) 
Here K, is a constant relating physical displace- 
ment of the feedback element, a potentiometer, 
to its output voltage in v per in. units. This volt- 
age is amplified and used to drive the magnetic 
solenoid relay. Current delivered by the amplifier 
is 


i= Kev (34) 


The relay develops a force, F, proportional to this 
current which is 


F = K3i (35) 


This force is developed at the flapper of a flap- 
per-nozzle-type hydraulic pilot valve. A roughly 


*References are tabulated at end of article. 
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proportional pressure is developed in the chamber 
of the pilot valve and this in turn produces a 
proportional displacement of the main valve spool. 
The transfer function relating the main spool dis- 
placement with the flapper force includes a simple 
time lag term and is, therefore, 


(36) 


Finally for the open-loop valve-cylinder relay 
the transfer function will be of the form given in 
Equation 16°, assuming that the output load is 
simply an inertia. 


(37) 





Preece 

ar cant 
hs A 
Here K;,, is the slope gain constant, and \,, A, the 
valve and cylinder “stiffnesses” described earlier. 
Once again, K, and X, are not truly constants, and 
Equation 37 holds strictly only for small distur- 
bances. However, the techniques adopted to ob- 
tain a panoramic view for all possible operating 
conditions are not easy to apply as systems be- 
come more complex. Here K, and ,, must be con- 
sidered representative values. 

Based upon the foregoing equations, a block 
diagram for the complete system, Fig. 19b, can be 
constructed. The loop transfer function can now 
be obtained simply by multiplying the transfer 
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Practical methods for analyzing typical systems 





functions of each box in the forward path. 


9 
Y,(8) <5 omen (s) = 
e 


KE 


loop, transfer function is 


% 
Y¥.(8) = —— (8) = 
6; 





ms2 
s(1 + Ts) (1+ 


K;ms 


Ao Ae 


For the sake of simplification, K = 


K,K.K;K,K, 


= net loop gain constant. The overall, or closed 





K 
) bTs* + (aT + b)s8 + (a+ T)s?+s+K 
m/X, have been in- 


where a = K;m/X, and b = 


Fig. 20—Nyquist plots for, a, the main valve and cylinder, 6, the flapper-nozzle 
pilot valve and main valve spool and, ¢, the open-loop plot for the entire system 
shown in Fig. 19. Note that this open-loop plot approaches the critical point more 
closely than the plot for the hydraulic relay alone. 
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troduced to simplify this expression. 


Performance: First step in analysis of this sys- 
tem is to investigate the condition for absolute 
stability. The condition to be achieved is (See 
Equation 15, Reference 3) 

a(b + aT +T?) 
K < —______.__ (40) 
(b + aT)? 

It should be noted that the value of K can be ad- 
justed independently of K;, the gain constant of 
the hydraulic relay. In practice the gain constant 
K. of the electronic amplifier is usually readily 
adjusted to change the gain setting of the sys- 
tem. Thus K; can be fixed at a value suitable for 
the design of the hydraulic relay. From gain 
margin considerations, K should be about 14 of 
the right-hand side of Equation 40 or less. 

Now it is necessary to optimize the parameters 
of the system to obtain suitable performance. 
Either frequency or transient response methods 
can be used. In view of the complexity of the 
transfer functions frequency response methods are 
preferred. Characteristics of those components 
which are dependent on frequency are plotted in 
Figs. 20a and 20b. With suitable change of scale 
to include the effect of other scalar gain constants 
in the loop they may be combined to give the loop 
harmonic response locus or Nyquist plot, Fig. 20c. 
Effect of the time lag 7 in the pilot valve is to 





Nomenclature 





a, b = System parameters 
B= Leakage coefficient; 
e = Error 
F = Force 
f = Damping coefficient 
I = Inertia on output shaft 
4 = Current 
K = Total gain constant of loop 
K’ = K/1000 
K,, etc. = Scalar gain constants 
= Mass 
= Bulk modulus of fluid 
= Differential pump pressure 
= Gear train ratio 
s = Laplace operator 
= Time ccnstant 
= Time constants 
= 0.001 w 
= Voltage 
= %4 volume of fluid on motor side of the 
pump 
= Volumetric displacement of motor 
= Volumetric displacement of pump 
= Displacement 
Y,.(s) = Overall transfer function 
Y,(s) = Loop transfer function 
y = Displacement 
”g — Gear train efficiency 
2m = Motor efficiency 
6;, 9. = Input and output of servo 
Av Ae = Valve and cylinder stiffnesses 
2 = 0.01 w 
» = Angular frequency 


leakage flow = BP, 





place the locus of the hydraulic relay in the in- 
stability region, and for suitable stability the 
product of the gain constants, K, K, K; K,, must 
generally be less than unity. In other words the 
error signal must undergo some attenuation before 
reaching the main valve, unless the characteristic 
of the hydraulic relay is well away from the crit- 
ical stability point (—1,0). A suitable gain set- 
ting may be obtained by limiting the maximum 
amplitude ratio to 1.5. Thus the loop locus must 
not cut the M = 1.5 circle, Fig. 21. 

A numerical example will illustrate the method. 
Assume T = 0.003 sec, a = 0.010 sec, and b = 
6.25 x 10-° sec.2 Then the loop harmonic response 
function is 


K’ 
ju(l + 3 ju) (1 + 9.3 ju) (1 + 0.67 je) 

(41) 
For convenience u = 0.001lw and K’ = 0.001K. 
Note that the quadratic term in the denominator 
can be factored. The locus of this function for 
varying u is plotted in Fig. 21. If the maximum 
amplitude ratio is to be 1.5 then the scalar gain 
constant K must be set at 100, The bandwidth 
is approximately 16 cps. From Equation 38 it 
can be seen that the servo is of the first order.‘ 
The steady following error for a constant velocity 
input of 1.0 in. per sec, given by 1/K, is therefore 
0.010-in. 

In this example an expression has been obtained 
only for the optimum gain constant; the other 
parameters have been determined by some prior 
considerations. However, it is quite likely that 
at an initial design stage there will be quite a 
degree of freedom of choice among the various 
parameters of the complete system. It, therefore, 
seems desirable to obtain some relations among 
the parameters in order to achieve a certain per- 
formance. One way this might be attempted is 
to obtain an algebraic expression by limiting maxi- 
mum M to 1.5 in the expression for the overall 
harmonic-response function. This method was em- 
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Fig. 21—In addition 
to the requirement 
that the Nyquist plot 





should not approach 
the —1, 0 point too 
closely, the loop locus 
must not intersect the 
M = 1.5 circle for 
stability. This prevents 
instability of the hy- 
draulic relay. 
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ployed quite successfully for the closed-loop hy- 
draulic relay. But now the system is more com- 
plex and the algebraic expressions involved are 
almost unmanageable. It is, however, possible 
to obtain a set of relations by transient response 
considerations provided a slightly overdamped re- 
sponse can be tolerated. The method involves the 
use of Whiteley’s coefficients (Page 109, Reference 
4). In the present case the order of the servo is 
1, and the degree of the denominator of Y,(s) is 
n — 4. Then Whiteley’s table gives an optimum 
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Fig. 22—Optimum values of a and T are established 
by plotting the two expressions involving these 
quantities. The point of intersection gives the re- 
quired values. 
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loop transfer function of the form 

Q4 
3(83 + 2.628? + 3.4928 + 2.695) 
Now Equation 38 can be written in the same form: 


Y,(8) =- (42) 





aa) 
Bae ee 
oT 

(43) 
Then by equating similar coefficients of Equa- 
tions 42 and 43, K/bT = *, 1/bT = 2.60', 
(a + T)/bT = 3.40?, and (aT + b)/bT = 2.60. 
Now the transient response is determined by the 
parameter ©. The relationship among the coeffi- 
cients in Equation 42 insures that the maximum 
overshoot for a step function input is limited to 
10 per cent of the step, while the buildup time 
is given by T, = 4.2/Q. Therefore, by fixing a 
suitable build-up time and hence ©, four relation- 
ships between the parameters a, b, T, K are ob- 
tained. It is possible to solve these, but this is a 
difficult task since it involves the explicit solution 
of a cubic equation. However, it is possible to 
obtain a graphical solution quite easily. Suppose 
the desired buildup time is 0.016 sec. This gives 
Q = 260. Direct substitution in the first two equa- 
tions obtained by equating coefficients of Equa- 
tions 42 and 43 gives K = 100. Substituting for 0 
in the other two relations yields the expressions 


a—T = 0.005 ) 
14.8 T — 0.022 
10672 
Plotting a against T in these equations, Fig. 22, 


ss (44) 
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Fig. 23—A eager vas He relay is used as a power amplifier in this servomechan- 
ism to control hydraulic pump displacement. Output device is a hydraulic motor 
driving a gear train. Schematic, a, and block diagram of the system, 6, are shown. 
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yields the desired values of a and T at the inter- 
section. The values for all the parameters are: 
a = 0.0023 sec, b = 8.1 x 10° sec?, T = 0.0027 
sec, and K = 100. In this case the following error 
for a constant-velocity input of 1.0 in. per sec 
is 0.010-in. 

The sort of delays in the hydraulic relay in- 
ferred by the values of a and b obtained are quite 
small and in practice may be difficult to achieve. 
With the values likely to be encountered the vaiue 
of gain tolerated would not be so great. However, 
there are ways of compensating for lags in power 
amplifiers so that high gains can be used to im- 
prove response and accuracy without causing in- 
stability trouble. 


Variable-Delivery Pump and Rotary Motor: To 
conclude this articie characteristics of a servo in 
which the power drive consists of a variable-deliv- 
ery pump supplying a rotary hydraulic displacement 
motor driving through a gear train will be in- 
vestigated. Note that the system, Fig. 23, also in- 
cludes an open-loop valve-cylinder relay. 

Analysis of the relay is the same as that out- 
lined earlier except that here it is assumed that 
A. is infinitely large (i.e., compressibility can be 
neglected since operating loads are fairly small), 
and that the cylinder load consists of a damping 
load as well as an inertia. In this case 

d2x dz 
F=m —- 
at? dt 
That is 
(8s) = ms? + fs (46) 


Since the relay is on open-loop its transfer func- 
tion can be written 
Ke 


) = ——__-_ - (47) 
s(1 + Tos) 


ag K,’ Ap 
hy + Ko’ f 


mK,’ 
and T, = 


An approximate expression for the transfer func- 
tion of a power drive including a variable-delivery 
pump of the kind used here was developed earlier.*® 
For an accurate dynamic analysis, however, it i~ 
necessary to make a more thorough investigation, 
similar to that already made in this article for 
a valve-cylinder relay. Indeed the transfer func- 
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Fig. 24—Nyquist plots for the servomechan- 
ism shown in Fig. 23 show, a, that it is inher- 
ently unstable but can be modified, b, to be- 
come stable. This entails the use of special fre- 
quency-sensitive elements. 
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tion which is finally obtained is very similar to 
that already derived for the relay. It is 


K3 


= (48) 
s(1 + T38 + 742s) 





me TrNv,, Ir2B 


~ 120 Ly Vm 1m 1g Vn? 


From the block diagram, Fig, 23b, it can be seen 
that the loop transfer function is 


K, Ko Kg 
“s2(1 + Tys) (1 + Tes) (1 + T38 + T4287) 





¥.{e) = 
(49) 
It is of particular interest to note that in this case 
the order of the servo is two. That is, the power 
of the s factor in the denominator is two. This 
follows from the fact that both the hydraulic relay 
and the power drive are in open-loop, although, 
of course, the complete loop is closed. There are 
said to he two integrations in the loop. 
In many cases 7, and T, may be negligible com- 
pared with the other time constants of the sys- 
tem. In this event Equation 49 simplifies to 


K 
~ s2(1 + Tos) (1 + T38) 
where K = K, Ky, Ky. Then the overall transfer 
function of the servo will be 


Y,(s) = (50) 





ae (s) = Y,(s) = £ ee 
6; TT; 84 + (T2 + T3)823 + 82+ K 
(51) 
The system is inherently unstable since there is 
no term of s to the power one in the denominator. 
This is also shown by the Nyquist plot, Fig. 24a. 
This tendency to instability is inherent in sec- 
ond and higher order systems. In order to stabil- 
ize them, and at the same time retain their zero 
velocity-error characteristic, it is necessary to 
modify the Nyquist plot, Fig. 24b. In order to 
achieve this stabilization it is necessary to modify 
the system by adding elements with special fre- 
quency-sensitive characteristics. Just how this 
may be achieved will be discussed in a future 
article. 
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Charts for determining 


CORNER ANGLES 


By Victor W. Bolie 
Staff Consultant 
Engineering Div. 
Collins Radio Co. 

Cedar Rapids, lowa 


N DESIGN there frequently arises the problem 
of constructing a box with a rectangular base 
having sloping sides. Determining the required 

corner angles by the cut-and-try method is out of 
the question. The necessary angles can be found 
with ruler, compass, protractor, and drafting board 
with considerable inconvenience. 

When the sloping sides of a box with a rec- 
tangular base make angles @ and ¢ from the ver- 
tical, the corner angles a and 8 (Fig. 1a) required 
for a correct-fitting junction are given by 

tan (7 a) =- s 
cos 6 


cot 6 
tan (7 — B) = ——— 
cos ¢ 
The charts shown in Fig. 1, along with Table 1, 
are designed to provide a rapid graphical solution 
of these two formulas. 
To use the charts, place a point vertically above 





Table 1—Angle Conversions According to 
Quadrants 





— Quadrant —— 
Second Third 


Fig. le — 
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the desired value of § and horizontally opposite ~~ 
the desired value of ¢. Read the required value —_ 


of a by interpolating between the curved a lines. i 
Likewise, read the necessary value of 8 by inter- ~ 


polating between the curved £ lines. 


The four quadrants of the chart in Fig. 1b are 3 
identical except for the angle labels. Consequent- | 
ly, all the necessary information can be obtained 


from just one quadrant if the angle labels are ~~ - 
properly substituted. A detailed enlargement of | 


the upper-right quadrant is shown in Fig. Ic. ~ 


The higher accuracy afforded by this enlargement 
permits interpolation to about 20 minutes of arc. 


Example: One side of a box is to lean inward 
28 deg from the vertical (9 = -—28), and the 
adjacent side is to lean outward 10 deg from the 
vertical (¢ = 10). The problem is to find the 
corner angles, a and £, for the two sides, 

In Fig. 1b, at the intersection of 96 = —28 deg 
and ¢ = 10 deg, approximate values are found 
to be a = 98 deg and 8 = 63 deg. For greater 
accuracy, Fig. 1c should be used. 

Adjustments for minus values of @ or ¢, and for 
values of a or 8 less than 90 deg, can be made 
mentally, or the “conversions” given in Table 1 
can be used. That is, for 9 = —28 and ¢ = 10, 
the solution lies in the second quadrant. Therefore, 
from Table 1, # = —@ = ~—(-—28) = 28, and 
¢ = +¢ = +(+10) = 10. The answer at this 
intersection in Fig. lc is a’ = 99 and ~’ = 11738. 
Then, for the second quadrant, from Table 1, a’ — 
+a = 99 deg. And ~#’ = 180 — Bor Bg = 180 — 
B’ = 180 — 117.8 = 62.2 deg. 
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Application factors for High strength 


Low weight 

Heat resistance 
Formability 
Corrosion resistance 
Welding 


Titanium 





Weight Reduction 


PURE titanium has singular 

mechanical properties. Alloys 
of titanium have strength prop- 
erties equal to that of alloyed 
steel. Its specific weight is only 
60 per cent that of steel, so its 
strength-weight ratio is out- 
standing. In addition, the cor- 
rosion behavior of titanium and 
its alloys is excellent. It sur- 
passes stainless steel. 

However, like every other ma- 
terial, it has certain deficiencies 
or disadvantages. For some ap- 
plications titanium is the best 
possible material; for others it 
is wholly unsatisfactory. Disad- 
vantages include its high af- 
finity for oxygen, nitrogen, and 
carbon. The former two ele- 
ments are soluble in the metal 
and when present in relatively 
high percentages, reduce ductil- 
ity to zero. Also, when the thin 
oxide layer normally present on 
each piece of titanium is re- 
moved, the metal becomes very 
reactive, galling with other met- 
als and with titanium, and re- 
acting with the abrasive during 
grinding. When molten, titani- 
um reacts with most known ma- 
terials. The oxidation rate at 
the melting point is so high that 
inert atmospheres must be used. 
The engineer must realize and 
compensate for all these unde- 
sirable features. 

The design notes presented 
here should be helpful in deter- 
mining the adaptability of tita- 
nium to product application, and 
in designing titanium parts and 
assemblie . 


Specific gravity of titanium is 
4.5. Except for magnesium (1.8) 
and aluminum (2.8), titanium is 
the lightest weight commercial 


TITANIUM 


rai, ie 


metal. Titanium may provide 
valuable weight saving when it can 
replace steel, stainless steel, cop- 
per, or nickel alloys. 


CAST IRON 


Specific gravities of 
typical metals. 


NICKEL 


COP7ER 





Stiffness-to-Weight Ratio 


Compared with steel, titanium 
has a high stiffness-to-weight ra- 
tio. Modulus of elasticity for ti- 
tanium is 15 million psi; for steel 
29 miliion. 

Stiffness is resistance of a ma- 
terial to deflection under a given 
load within the elastic limit. The 
amount of such deflection is pro- 
portional to the moment of inertia 
of the beam multiplied by the 
elastic modulus of the material. 

When a part previously made of 
steel is being redesigned for ti- 
tanium, the moment of inertia must 
be increased in proportion to the 
lower elastic modulus of titanium 
to obtain the same stiffness. 





Beams of equal stiffness. Relative 
stiffnesses in bending, based on rec- 
tangular beams of constant width 
and equal weight are: steel 1.0, ti- 
tanium 2.7. 





From “Titanium Design 
Notes” in The Magazine of Mag- 
nesium, published by Brooks & Figures given in the table near 
Perkins Inc., Detroit, November, top of the next page are based on 
1956. the use of rectangular beams of 


Strength-to-Weight Ratio 


equal width but varying thickness. 
Under such conditions the strength 
of any material increases as the 
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square of the increase in thickness 
(depth of section). 

In this table titanium alloys have 
been listed as 110, 120, 130, and 
140 to indicate alloys with tensile 
yield strengths of 110,000, 120,000, 
130,000, and 140,000 psi, respec- 
tively. 


Relative Strength of Metals* 

















Welding Characteristics 


Unalloyed titanium and some 
of the titanium alloys are readily 
welded by inert-gas shielded arc 
welding. With some of the alloys 
it is necessary to do the welding 
in a completely enclosed weld- 
ing chamber with the work area 


completely enveloped in argon 
or helium gas. This prevents ab- 
sorption of oxygen and nitrogen 
with consequent embrittlement 
of the weld. Sound, high-strength 
welds can be made if proper 
techniques are followed. 








Material Thickness Strength 
Factor Factor 
SAE 1025 steel . 1.00 1.00 
SAE 4130 steel .. ee | 3.75 Pressurized titanium 
6 4. ” 5 ¥ . - . 
Aluminum 2024 bo baa - 9.04 cylinder. Each half is 
Aluminum 7075-T6 . 2.85 14.90 h th 
Titanium A55 . 1.75 4.20 ot drawn, and the 
Titanium 110 . 1.75 8.40 two halves are welded 
Titanium 120. 1.75 9.16 together with a single 
ite i 7 93 . . 
Tees “od piper: circumferential weld. 
Titanium 140 . 1.75 10.60 Th li d 
Magnesium AZ31-0 4.39 8.31 © cylinder was 
Magnesium AZ31-H24 4.39 14.29 tested at 5000 psi pres- 
Magnesium ZK60A ... 4.39 15.80 sure without distor- 
Magnesium AZ80-T6 4.39 17.00 tion or damage. 
*Sections are of equal weight. 
Creep 


The temperature limits above 
which creep becomes a _ predomi- 
nant factor depend upon the ma- 
terial and are approximately as 
follows: 








Material Temperature 
Magnesium (AZ31A) ...... 150 
Aluminum . ‘ eee 300 
BR cos sws aie vs 850 
Stainless steel . 1000 
Cobait .. 1300 
Molybdenum 1600 





Below these temperatures, creep 
is negligible, and a short-time ten- 
sile test at the proper temperature 
is sufficient to describe the mate- 
rial. 

Titanium is an exception to this 
rule; it creeps at room tempera- 
ture but not at 400 to 600 F. This 
means titanium has two ranges 
(one extending from room temper- 
ature to approximately 300 F, and 
one above 600 F) where creep de- 
termines the maximum allowable 
stresses. Between approximately 
400 and 600 F, however, the short- 
time tensile properties are suffi- 
cient to describe the engineering 
character of the material. 

The graph gives the variation 
of strength properties with tem- 
perature for unalloyed titanium 
sheet. In the range 400 to 600 F, 
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the yield strength is as low or 
lower than the plotted creep prop- 
erties and is of greater impor- 
tance in this range, whereas at 
higher or lower’ temperatures, 
creep properties (1 per cent defor- 
mation in 1000 hours) become the 
critical (lowest) values. 

The lack of creep between 400 
and 600 F is probably caused by 
strain aging of the material when 
deformed at slow rates. Because 
of the characteristics discussed, 


stress-rupture curves and design 
curves of titanium and titanium 
alloys are almost parallel to the 
time axis between 400 and 600 F 
(no second stage creep, all defor- 
mation takes place during !oad- 
ing), whereas at room tempera- 
ture and at temperatures above 
600 F second-stage creep takes 
place. 

At elevated temperatures, ‘ti- 
tanium and titanium alloys take 
a position between the light met- 
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Effect of temperature 
on yield strength and 
creep prorerties of 
unalloyed titanium. 
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als and the creep-resistant steels 
in regard to creep behavior. For 
most present commercial alloys, 
800 F is the upper limit of appli- 


cation; the commercial alloy A110 
AT (5 per cent Al, 2.5 per cent 
Sn) and several experimental al- 
loys offer, however, possibilities to 


TITANIUM 





extend this limit to approximately 
1000 F. 





Fatigue strength usually depends 
upon these factors: 


1. Tensile and yield strength of 
the material. 

2. Microstructure. 

3. Surface conditions. 

4. Notches present and notch sen- 
sitivity of the material. 

5. Corrosive environments. 

. Temperature. 

. Other factors (speed of testing, 
etc.). 


aD 


Fatigue strength increases pro- 
portionally to the strength of the 
metal. The endurance ratio (en- 
durance limit divided by tensile 
strength) is high for titanium (ap- 
proximately 0.50). This means 
that titanium has basically good 
fatigue properties. 

Surface conditions of the speci- 
men usually have a great influence 
upon its fatigue strength. The 
most striking and highly important 
result of tests is the low fatigue 
strength of ground specimens. 


Resistance to Fatigue 


Oxidized or nitrided surfaces 
also exhibit an appreciably reduced 
fatigue strength. Shot peening will 
increase the fatigue life in the 
high stress region, but does not 
have much influence upon the en- 
durance limit. 

On the other hand, rough ma- 
chining produces approximately 
the same endurance limit as fine 
machining and hand polishing. 
Electrolytic polishing also produces 
the same values. 

Titanium and titanium alloys are 


notches and how they were made, 
therefore, play an important role. 
Again, grinding a notch is usually 
much more harmful than machin- 
ing the same notch. 

Corrosive environments, for- 
tunately, have little or no influ- 
ence upon the fatigue life of a ti- 
tanium specimen. Unalloyed ti- 
tanium exhibits an outstanding re- 
sistance to corrosion fatigue in 
salt water. Its fatigue strength 
under this condition is better than 
that of K-Monel metal or 16Cr-2Ni 








of medium notch sensitivity; stainless steel. 
Fatigue Properties of Titanium Alloys* 
Tensile Endurance Endurance 
Composition Strength Limit Ratio 
(1000 psi) (1000 psi) 
CE REED betes cv ciscccasesdes 95 62 0.65 
Unalloyed (Ti 75A) .............. 90.5 43.5 0.48 
2.7 Cr, 1.3 Fe, O, (Ti 150A)........ 152 76 0.50 
3.0 Cr, 1.5 Fe, O, (Ti 175A)........ 163 88 0.54 
4 A 6 ee COMED illic... 6 8 82 0.55 
4 Al, 2.5 Sn (A11OAT) ... 138 76 0.55 





*Smooth machined samples, rotating beam. 





Elevated-Temperature Tensile Properties 


All titanium alloys show a sharp 
drop in tensile and yield strength 
with increasing temperature with- 


temperature curves have generally 
a lower slope due to the tendency 
of titanium for strain aging. 


in the range 75 to 400 F. At some- 
what higher temperatures (approx- 
imately 600 F) the strength vs 
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Formability 


Titanium is formed by the same 
general method used for other met- 
als, except that forming is done 
hot. 

An advantage of hot forming 
is that much more complicated and 
more severe draws can be made 
than are possible in one operation 
with most other metals. 

Springback is never a problem, 
and with hot single-draw opera- 
tions no intermediate anneals are 
required. The diagrams show sug- 
gested design factors for deep- 
drawn unalloyed titanium parts. 

Hot forming with the metal held 
at temperatures in the 1000-1350 F 
range for a short time (4 to 8 
minutes) involves no hydrogen 
pick-up. On the other hand, there 


is real danger of hydrogen pick- 
up with resulting embrittlement 
when titanium is cold drawn and 
annealed following the draw. Hy- 
drogen pick-up depends more upon 
time at temperature than upon the 
temperature to which the material 
is heated. Hot drawing with the 
short time-at-temperature is much 
safer than cold drawing with the 


long-time-at-temperature interme- 
diate anneals. 

Titanium alloys vary in their 
formability. In general, forming 


which can be done with most of 
the alloys is limited to less severe 
draws and forming than is possible 
with pure titanium. The suggested 
design factors should not be used 
for the alloys. 




















f 
H 
j | to 6T 
with restrike 
iid Biank outline 





2 4 6 8 10 12 14 
Depth of Drow (in) 


3 1.000 
£0875 
5 0.750 
E 0.625 
£0375 
= 


> 0.250 
£01 
= 





2 4 12 14 


6 8 10 
Depth of Draw in.) 


Sugested design factors for deep- 
drawn unalloyed titanium parts. 





The high corrosion resistance of 
titanium and titanium alloys is 
considered as one of the primary 
assets of the new metal. A pro- 
tective film of stable oxide is be- 
lieved to be mainly responsible for 
the excellent corrosion resistance. 
Addition of oxidizing agents or air- 
aeration of the corrosive medium, 
therefore, often reduce the attack. 
Titanium polarizes readily, espe- 
cially under the influence of cer- 
tain ions (inhibitors). The corro- 
sion of titanium is generally uni- 
form, and very little tendency for 
pitting has been observed. Fortun- 
ately, increased work and numer- 
ous corrosion experiments con- 
ducted during recent years have 
not shown many exceptions to this 
rule. 

No case has been reported where 
titanium or titanium alloys have 
corroded under natural environ- 
menis such as rural, urban, or 
marine atmospheres, tidewater, 
salt water spray, etc. This is also 
true for stress corrosion of the 
metal under similar conditions. For 
dissimilar metal corrosion, how- 
ever, some exceptions may occur. 

The only inorganic acid which 
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Corrosion Resistance 


attacks titanium in all concentra- 
tions and for which no inhibitor as 
yet exists is hydrofluoric acid. This 
acid, therefore, is extensively used 
to pickle and etch the metal. 

Sulfuric, phosphoric, and hydro- 
chloric acids attack titanium in 
the higher concentration ranges, 
whereas the low concentrations are 
relatively harmless. For all three 
acids certain inhibitors, oxidizing 
agents, or anodizing processes have 
been found which will reduce the 
rate of attack. 

Titanium also has excellent re- 
sistance to cold and hot chlorides 
and other salt solutions. One ex- 
ception is hot concentrated solu- 
tions of aluminum chloride. 

Chlorine gas will react severely 
with titanium when dry (0.005 per 
cent HO), whereas wet chlorine 
gas (0.013 per cent HO) appears 
to be harmless. 

Hydroxides (hot and cold) have 
a negligible effect up to approxi- 
mately 20 per cent, but do attack 
titanium at higher concentrations. 

Generally, but not always, the 
allovs (alloying additions less than 
10 per cent total) react quite simi- 
larly to the commercially pure ma- 


terial in corrosion behavior. 

Due to the oxidizing action of 
the acid which builds up a protec- 
tive oxide layer, titanium and ti- 
tanium alloys are very resistant 
to nitric and white fuming nitric 
acid. The maximum rate of reac- 
tion has been observed at 100 C 
and with approximately 50 per cent 
nitric acid solutions; but even this 
maximum rate was only approxi- 
mately 7 mils per year. 

However, an unexpected phe- 
nomenon has been experienced with 
red fuming nitric acid; titanium 
samples exposed to it are liable 
to develop a very reactive corro- 
sion product which can explode. 
This happens when sufficient re- 
active material has been accumu- 
lated. It was first believed that 
only RC 130A (8 per cent Mn) 
was susceptible to this phenome- 
non, but recently commercially 
pure titanium has given the same 
trouble in red fuming nitric acid 
containing 20 per cent dissolved 
NO.,. 

Titanium and probably most of 
the titanium alloys are very re- 
sistant to many organic compo- 
nents such as acetic, lactic, tannic, 
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tartaric acids, chlorinated hydro- 
carbons and most other related or- 
ganic materials. The metal appears 
to be completely immune to com- 
mon fruit and vegetable juices. Ex- 
ceptions to this are: trichloracetic 
acid, all concentrations; formic 
acid, 25 to 90 per cent; oxalic acid, 
except low concentrated cold solu- 
tions; citric acid, at higher con- 
centration (about 50 per cent), 
especially hot. 

Titanium coupled with other 
structural metals behaves very 
similarly to stainless steel. The ti- 
tanium part (which in most cases 
becomes electropositive) does not 
severely corrode, but the corro- 
sion of the other metal may be 
increased by galvanic action. The 
table gives results of the penetra- 
tion rates in mils per year of dif- 
ferent metals when coupled with 
titanium in aerated 1N NaCl solu- 
tion. The weight losses of the dif- 
ferent materials were measured in 
mg per sq decimeter per day and 
converted into penetration per year 
(although it is realized that the 
attack would be somewhat local- 
ized) to give a better idea of the 
severeness of the attack. 

As may be seen, magnesium 


coupled with titanium corrodes 
most of all the metals tested. This 
occurs not only in salt water but 
also in normal urban atmosphere. 
The titanium alloy Ti 150A (2.6 
per cent Fe, 1.3 per cent Cr) be- 
haves somewhat better than un- 
alloyed titanium; the alloying ele- 
ments probably favor passivation 
of the alloy. Besides magnesium, 
zinc and iron show a high galvanic 
penetration and even aluminum al- 
loys corrode at a rate far above 
what is normally considered a low, 
desirable penetration rate (5 mils 
per year). Copper, brass and es- 
pecially nickel and nickei-base al- 
loys show very low galvanic corro- 
sion when coupled with titanium. 

In contact with aluminum, ti- 
tanium is generally more noble 
than aluminura, and the latter is 


dissolved in an accelerated manner. 
Under certain conditions, titanium 
can become the _ electronegative 
metal of the couple, and in this case 
is slowly corroded. This condition 
was observed in 0.1-normal H,SO, 
solutions. In 1N and 2N H,SO,, 
titanium (in contact with alumi- 
num) was first electropositive and 
then electronegative after a cer- 
tain time of operation; the final 
corrosion rates of the titanium 
were high. 

Fortunately, stress corrosion 
cracking of titanium in normal cor- 
rosive environments (such as ur- 
ban and marine atmospheres, tide- 
water, salt spray, etc.) has not 
been observed. Stress corrosion of 
titanium has been found, however, 
in the presence of red fuming ni- 
tric acid. 


Galvanic Attack of Various Metals in Aerated 1N NaCl 





— Penetration (mils per year) when coupled with: — 





Metal Titanium Ti 150A Stainless 

(Fe-Cr) Steel 
Magnesium (AZ61-H24) .... 1240 212 2870 
ae eee, eee eee 58 40 71 
Iron (SAE 4130) .......... 55 as 62 
Aluminum (7076-T6) ....... 33 26 31 
Aluminum (2024-T3) ....... 29 18 31 
CHAM cccescccccscscsses 18 15 15 
0 er ys ee 12 5 & 
oo” EPC erree ce eee 11 16 13 
BORE GOPHER) cic cccscecsies 4 4 4 
ee eer rT Pee 0 0 3 
SIG Se skcte cc cccsecveseys 0 0 0 








Types and characteristics of 


Protective Coatings for Springs 
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|) pein coatings for springs 

offer the best rust protection 
and are generally considered to be 
the most decorative. Cadmium and 
zinc are perhaps the most often 
used and are the most economical 
of the electroplated finishes, Tables 
1 and 2. 

It will be noted that the letter 
“C” following the designated thick- 
ness of zinc denotes increased salt 
spray resistance due to an opera- 
tion performed after plating known 
as a chromate treatment. The func- 
tion of the chromate is to produce 
an oxide film on the plated sur- 
face. It also tends to give a higher 
luster to the finished product. The 
same is true of the cadmium plat- 


ing. It is generally conceded that 
a cadmium plate will give higher 
resistance to salt spray than zinc. 
Spring platers can turn cadmium 
into a variety of colors. The 
plated surface is immersed in a 
solution that forms a porous oxide. 
A penetrating and absorbent dye 
of the desired color is then applied. 
The definite advantages to this 
type of finish are identification and 
a very high salt spray resistance, 
similar to the chromate treatment. 
A copper finish is useful in the 
identification of similar parts. It 
offers some rust protection and 
does not chip or peel under normal 
use. It is also used as an under- 
coat on nickel and chrome plate. 
Chrome plating affords a lustrous 
finish often desired on_ bicycles, 
motorcycles or other exterior show 
parts. Its hard surface is utilized 
on flat springs to retard fretting 
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VERSATILITY FOR MACHINE TOOLS 


Welded design does it at less cost 





These precision boring machines can have one 
to four boring heads. The beds may vary in 
length . . . depending on the customers’ needs. 
Such versatility in design and manufacture is 
made possible with welded steel . . . because: 


OPTIONAL BED ARRANGEMENTS 


e A welded base design can be easily and 
quickly modified since there are no patterns 
involved. 


e Less material is needed since steel is three 
times stronger than iron, 22 times as rigid 
. +.» yet costs a third as much per pound. 


e Less machining, less finishing is needed. 


Basic advantages like these can be applied 
to many products. A Lincoln engineer who is 
backed by 45 years of Lincoln cost-cutting ex- 
perience, will gladly show you how to benefit. 


Write for Weldesign Bulletin, available to 
product designers. 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1120 Cleveland 17, Ohio 
The World’s Largest Manufacturer of Arc Welding Equipment 
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corrosion. 

Nickel and tin give protection to 
spring materials where chemical 
reaction with gases and certain 
fluids is a factor. 

Since metallic coatings are elec- 
trodeposited and hydrogen is emit- 
ted during the plating cycle, it is 
essential to heat the plated spring 
material to prevent hydrogen em- 
brittlement. Research on the stress 
relieving of plated springs has 





Table 1—Typical Specification 
for Zinc Coating* 
Minimum -Salt Spray Resistance— 
Class Thickness White Salts Red Rust 
(in.) (hr) (hr) 








Gs 0.001 xs 72 
LS 0.0005 si 48 
RS 0.00015 ie 24 
GSC 0.001 2 96 
LSC 0.0005 24 72 
RSC 0.00015 2 48 


*U.S. Army Spec. 57-0-2C 








Table 2—tTypical Specification 
for Cadmium Plating* 
—Sailt Spray Resistance— 


Class Thickness White Salts Rust 
(in.) (hr) (hr) 








Type 1—Without supplementary chromate 
treatment 
0.0005 = 240 


A 
B 0.0003 ie 192 
Cc 0.0002 96 


Type 2—With penetentantnire chromate 
treatment 


0.0005 96 336 
0.0003 96 288 
0.0002 96 192 





*Federa!l Spec. No. QQ-P-416. 


shown they should be heated with- 
in two hours after plating. A typ- 
ical stress-relieving temperature on 
cadmium or zinc would be 375F 
for 3 hours. A higher temperature, 
say 425 F, will discolor the plating 
slightly and assure the consumer 
that the springs have been stress 
relieved. Hydrogen embrittlement, 
which has been a problem of high- 
carbon spring materials, is practi- 
cally nonexistent in modern spring- 
plating shops that use approved 
methods of cleaning. 

Preplated wire is available for 
use where tangling in a regular 
plating bath would be a source of 
trouble. Preplated wire is gener- 
ally available with cadmium, zinc or 
tin. It will give a 24-hour salt 
spray resistance in a 20 per cent 
salt solution in most sizes except 
for the exposed cut-off ends. 


Nonmetallic coatings, such as 
phosphate, are also put to good 
use on springs since they are not 
as susceptible to hydrogen embrit- 
tlement as most of the metallic 
coatings. Phosphate coatings are 
used in two different ways: As an 
undercoat or bond for paint, and 
with a coating of wax or oil. As an 
undercoat for paint, they provide 
a thin, porous film that enables 
more paint to cling to the spring 
surface without chipping or peel- 
ing. When used with a coating of 
wax, lacquer or oil, the phosphate 
coating will give a certain amount 
of salt spray protection at a re- 
latively low cost. It is also use- 
ful on flat spring material as a 





Table 3—Typical Specification for Phosphate 
and Black Oxide Coatings* 





Classification 


——-Salt Spray Resistance——— 


Before Applying After Applying 
Finish Finish 
(hr) (hr) 





Type 2—Phosphate coatings 


Class A—Finished with nondrying petroleum oils 
containing corrosion inhibitors suitable for use on 


sliding or bearing surfaces. 


Class B—Finished with a rust paoeeni panrens 
reduced for enecumnaeeun and oe corrosion 


inhibitors 


Class C—Suitable ow finishing with eatel wets 


2 
No test 


Type 3—Black oxide coatings (excluding paint products) 


Class A—Alkali oxidizing process 


Grade 1—Finished with nondrying petroleum oils ly 
Grade 2—Finished with rust-inhibiting lacquer hn 
Grade 3—Finished with synthetic resin coatings Wy 
ee cae ckkaer eu kere be sbeee % 


Class C 


. S sack once cnehebaust owas ce as 


% 





*U.S. Army Spec. 57-0-2C. 


coats of zinc chromate primer, for instance, 


resistance. 


tApplies only to springs without sharp corners. Two 


will normally give a 72-hr salt spray 





lubricated surface which will re- 
tain an oil film. 

Black oxide coatings, while not 
offering much resistance to salt 
spray, give steel a satin black fin- 
ish often desired on guns or similar 
parts where sun reflection is un- 
desirable. A coating of oil will 
greatly increase its ability to with- 
stand corrosion. 

A typical specification for phos- 
phate and black oxide coatings is 
given in Table 3. 

Of all the types of coatings 
available for springs, the most eco- 
nomical and colorful is_ paint. 
Paint not only makes identification 
of similar parts easier, but also 
offers fair resistance to corrosion. 
Care should be taken in selecting 
paint as a finish, especially where 
hot oil might have the tendency to 
dissolve it or cause the color to 
fade and make identification diffi- 
cult. Another consideration is that 
a brittle paint might break from 
the surface that has not been phos- 
phate-coated and clog some mi- 
nute orifice. Painting flat surfaces 
is sometimes difficult since the 
paint will not adhere to burred 
edges. This will decrease the salt 
spray resistance. 

The use of dyes applied directly 
to the surface of spring steel is 
somewhat limited because of their 
poor hiding characteristics. They 
are useful in hot oil or where a 
build-up of paint is not desirable. 
New dyes have been introduced to 
the market recently that have im- 
proved hiding qualities. 

From “Protective Coatings for 
Springs” in The Mainspring, pub- 
lished by Associated Spring Corp., 
August, 1956. 
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BEARING TIPS by McGill 





Let a cammRoce bearin 


TRADE MARK 


GUIDE 
ROLLER 


g be your guide 


Obtain freer rolling, 
improved alignment and 
positive side thrust 


In guide and support roller applica- 
tions CAMROL Cam Followers in- 
sure free rolling action and positive 
side thrust while eliminating the 
wear of more costly flanged wheels. 
Then, too, they provide improved 
alignment and low starting and run- 
ning friction with high unit load and 
shock capacity, especially at low 
speeds as track rollers. Lubrication 
is simplified and maintenance can 
be reduced to a minimum in these 
applications. Specify the interchange- 
able sealed SGR series for added pro- 
tection against contamination. 





McGill CAMROL CF rollers are 
used as guide rollers to form a mold 
conveyor in the Beardsley & Piper 
MBS-20 Mold Blower. The machine 
blows and squeezes cope or drag in 
a single automatic operation, han- 
dling up to 4 molds per minute. The 
CAMROL CF bearings replaced less 
efficient friction rollers in this appli- 


: Insure performance with Ms G IL 


McGILL MANUFACTURING COMPANY, INC., 
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cation. Although, the duty here is 
rather light and speeds slow, the cam 
follower bearing provides lesser 
starting and running friction. This 
helps speed the flow of work from 
the machine, which must be fast and 
automatic. The integral stud feature 
eases assembly and its standard de- 
sign simplifies procurement. 


1° MULTIROL" 


Circle 490 on page 19 





CF bearings minimize 
maintenance as crane 


side guide rollers 


McGill CF cam follower bearings 
serve as side guide rollers in over- 
head cranes manufactured by Louden 
Machinery Company of Fairfield, 
Jowa. Freedom from maintenance, a 
time saver because of the imaccessi- 
bility of the bearing when the crane 
is in operation, is an important ad- 
vantage of the cam follower bearing. 


Send for Catalog No. 52-A 


GUIDEROL camroxu 


Precision Needle Bearings 
200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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LESS SPACE, MORE FLEXIBILITY, WITH GENERAL ELECTRIC’S-— 


New Machine Tool and Pneumatic Time- 


Machine Tool Relays Require 
Minimum Mounting Space 


General Electric’s new relays provide 
the installation features and long life 
required by the machine tool industry. 


MINIMUM MOUNTING SPACE is required 
for all the relays—2- through 12-poles. 
New 6-pole-in-line and 12-pole forms 
have the same mounting dimensions as 
the 4- and 8-pole forms respectively. 


INSTALLATION and wiring is performed 
from the front, allowing relays to be 
mounted close together. The captive 
clamp-type terminals can be wired from 
four directions. In addition, contacts can 
be changed from normally-open to 
normally-closed without extra parts. 


RATING is 10 amps, 600 volts maximum, 
a-c. Latched-in forms are also available. 


Pneumatic Time-Delay Relays Pro- 
vide High Repetitive Accuracy 


The new General Electric pneumatic 
time-delay relay was designed for ap- 
plications which require a reliable and 
accurate time-delay device. 


FLEXIBILITY of pneumatic time-delay re- 
lay design allows the relays to be sup- 
plied with either one or two instantane- 
ous auxiliary contact units, and one or 
two time-delay contact units. The timing 
head is available separately for use with 
Size 0 through 4 contactors and Size 1 
through 4 magnetic starters. 


HIGH CONTACT RATING of 25 amps 
“make and carry” at 600 volts maximum 
means that supplementary relays can 
often be eliminated. In addition, pneu- 
matic timers can be front mounted and 
wired for further space savings. 


ADJUSTABLE TIME-DELAY permits the 
timer to be set for any time-delay inter- 
val from 0.2 to 180 seconds. Repetitive 
accuracy is + 10%, and is not affected 
by atmospheric conditions. Adjustment 
is made by a simple screwdriver setting 
on the front of the unit. 


DEPENDABILITY results from many built- 
in protective features. A special filter 
mounted in a vertical position in the 
rear keeps dust and dirt out of the air 
port. Also, rigid cast construction pre- 
vents misalignment. 


Relays Used on Pan-A-trol* Panels 


Using machine tool relays, pneumatic 
time-delay relays, and other standard 
control devices, G-E engineers build 
Pan-A-trol packaged control panels to 
meet your requirements and specifica- 


*Trade-mark of General Electric Company 











DelayRelays 


tions. These panels are completely as- 
sembled and wired at the factory; only 
external connections to the machine 
need be made. Pan-A-trol panels repre- 
sent another offering by General Electric 
to simplify the work of design engineers. 
Your nearest G-E Apparatus Sales 
Office can give you complete details on 
General Electric control devices and on 
the Pan-A-trol program. If you’d like 
reference material, write Advertising 
Section 731-11, General Electric Com- 
pany, Bloomington, Illinois, and ask for: 
GEC-1415 and 1416—Machine Tool 
Relays 
GEC-1425—Pneumatic time-delay 
Relays 
GEA-6334—Pan-A-trol panels 


Ae @ 


; iP aypec , 





G-E RELAYS permit neat panel mounting arrangement. If 
desired, relays and wiring troughs may be mounted closer. 


AB 
PAN-A-TROL PANELS utilize standard components like 
the new G-E relays, and are factory assembled and wired. 


PNEUMATIC TIME-DELAY RELAYS can be modified easily 
with kits. Also, the timing heads are available separately. 


GENERAL @@ ELECTRIC 
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See 


Ways fo better 
whiteprints... 


on the new printmaster 810 


Here’s the brand new Printmaster 810—with 7 big new operating features. They 
make your printmaking easier, more fool-proof than ever before! 


1. New air flow system for better print pickoff 

2. New diaphragm ammonia pump for top uniformity in developing 

3. New cartridge heater for greatly improved development at high speeds 

4. New phenolic “‘fingers” to pick off tracings without tearing 

5. New protection sheet and suction baffles to keep originals safe 

6. New feeder brushes to flatten curl in rolled tracings 

7. New tracing receiving system to handle cut sheets and rolled tracings, both! 
And that’s not all. Incorporated into the “810” are such proven Ozalid advances as 
the electronic drive . . . low temperature cooling system . . . exclusive blower-timer 
and U/L approved safety devices. Why not test run your own tracings through the new 
**810°’? Simply call your vocal Ozalid representative. His number’s in the phone book, or write: 
Ozalid, Dept. GG-3, Johnson City, N. Y. 


A Division of : : ® 
General Aniline & © all 74% ss l [() 
Film Corporation. 

In Canada: 


Hughes Owens Company Ltd., 
Montreal 


First name in whiteprinting 
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Dripproof & Enclosed Motors 
Production testing techniques and 
construction features of Tri/Clad 55 
motors in 1 to 5 hp dripproof and en- 
closed types are illustrated in bulle- 
tin GEA-5980. Servicing and instal- 
lation advantages are also discussed. 

12 pages. General Electric Co. 
Circle 681 on page 19 


Potentiometer Recorders 
Specifications of easy - to-read 
Wheeico multipoint potentiometer re- 
corders are given in bulletin F-7955. 
Instrument can be used to record up 
to 16 points on a single chart, using 
various sensing elements which pro- 
vide an electrical signal correspond- 
ing to the measured variable. 2 pages. 
Barber-Colman Co., Wheelco Instru- 
ments Div. 
Circle 682 on page 19 


Motorized Pumps 
Performance, design and applica- 
tion data on a line of Motor-Mount 
centrifugal pumps are given in illus- 
trated bulletin 4200. Designed for 
use in manufacturing, chemical, pa- 
per and other industries as well as 
integral parts of machinery, pumps 
are available in sizes to deliver up 
to 1200 gpm at heads to 220 ft. 8 

pages, Deming Co. 
Circle 683 on page 19 


Miniature Bearings 
Capsule descriptions of a complete 
line of miniature ball and roller bear- 
ings for use in precision equipment 
are contained in illustrated catalog. 
Types described include radial, pivot, 
roller and special bearings in open 
and sealed designs. Tolerances, in- 
ternal clearances, load capacity cal- 
culations, speed limitations and other 
technical data are included. 16 pages. 
Landis & Gyr, Inc. 
Circle 684 on page 19 


Processing Stainless Steel 

Facilities and skills available to 
the user of parts fabricated from 
stainless steel, titanium and special 
alloys are described in illustrated bul- 
letin SD-24. Entitled “Experimental 
and Production Brazing and Proces- 


sing of Stainless Steel,” booklet 
shows typical work that can be pro- 
duced to customers’ requirements. 4 
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pages. Wall Colmonoy Corp., Stain- 
less Processing Div. 
Circle 685 on page 19 


Die-Cut Tapes 
Uses and applications for printed 
and die-cut pressure-sensitive tapes 
are subject of folder 1265. It demon- 
strates how printed tapes are used 
as labels and nameplates on all types 
of products. Die-Cut tapes can be 
used to mask or protect odd-patterned 
surfaces. Tapes are also used as 
fabricating means. 6 pages. Minne- 
sota Mining & Mfg. Co. 
Circle 686 on page 19 


Lubrication in Packaging 
“How Automatic Lubrication Cuts 
Packaging Costs’ is title of bulletin 
E-6 which discusses seven typical in- 
stallations in various packaging and 
process industries. Lubricators and 
precision metering units are de- 
scribed. Bijur Lubricating Corp. 
Circle 687 on page 19 


Silicone Rubber 
Five new heat resistant silicone 
compounds with Shore A hardness 
of 40 through 80 for service tempera- 
tures to 500° F are among the com- 
plete line of silicone rubber com- 
pounds offered in illustrated brochure 
“Acushnet Silicone Compounds.”’ Also 
described are services and facilities 
available for producing parts molded 
to customer requirements. 12 pages. 
Acushnet Process Co. 
Circle 688 on page 19 


Wire Rope 
The proper wire rope specification 
for use in all types of construction 
equipment is given in bulletin 5702. 
Also discussed are Lang Lay versus 
regular lay, rope constructions and 
the proper wire rope to use for clam- 
shell bucket operation. 8 pages. Mac- 
whyte Co. 
Circle 689 on page 19 


Fan-Cooled Motors 
Totally-enclosed rerated fan cooled 
motors with ratings from % to 40 hp 
are described in detail in bulletin 
500-A. Complete dimensions of old 
NEMA frames and new rerated 
frames are tabulated. 4 pages. Rob- 
bins & Myers, Inc. 
Circle 690 on page 19 


Bushed Roller Chain 
Features of LXS_ bushed roller 
chain are detailed in book No. 2454. 
Chains are available with straight or 
offset sidebars, and with small or 
large rollers for a variety of convey- 
or and power transmission applica- 
tions. Pitches range from 1.5 to 6 
in. and ultimate strengths to 280,000 
lb. 16 pages. Link-Belt Co. 
Circle 691 on page 19 


Motor Stator Wedges 
Dimensions of each of eight sizes 
of U-wedges for stator windings of 
class B electric motors are listed in 
bulletin D 11-30-56. These one-piece 
wedges are made of glass fiber rein- 
forced polyester in widths from 3/16 
to %-in. 2 pages. Glastic Corp. 
Circle 692 on page 19 


Bronze Valves 
Physical characteristics and appli- 
cation information on a line of_solder 
end and silver-braze end bronze valves 
in gate, globe and check designs are 
presented in_ illustrated bulletin 
DH-25. They are usable for a wide 
range of fluid services. 4 pages. 
American Chain & Cable Co., R-P&C 
Valve Div. 
Circle 693 on page 19 


Filler for Plastics | 
“Moly-Sulfide as a Filler” is title of 
bulletin Lu-12 which describes the 
uses of molybdenum disulfide as a 
filler in nylon, phenolic laminates, 
Teflon and other plastics; natural 
and synthetic rubber; and asbestos. 
Material imparts improved friction 
and mechanical properties. 4 pages. 
Climax Molybdenum Co. 
Circle 694 on page 19 


Sealing Rings 
Engineering data aids in design 
of equipment to utilize Quad Ring 
seals. These seals for packing glands 
are available in diameters from \4 
to 10% in. Tables give design factors. 
2 pages. Minnesota Rubber & Gasket 
Co. 
Circle 695 on page 19 


Encapsulation Techniques 


Information to aid engineers in the 
design of epoxy resin encapsulation 
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Hyster ‘'98'' Logging Arch and 
D9A Towing Winch especially designed for 
operation with Caterpillar D9 tractors. 


by switching to 
OSTUCO TUBI 


here and here 


Hyster Company Makes Double-Cut on Costs! 


Hyster Company, Portland, Oregon, out to beat machining 
costs of components in their logging arches and winches 
and a drawbar bracket, turned the trick by switching from 
another material to Ostuco Seamless Steel Tubing. 


Drawbar Bracket—Use of Ostuco Tubing cut material and 
machining costs from $120,500 to $81,820 annually for a 
reduction of 32%. 


Logging Arch—Used as sleeves in the Hyster ‘98” 
Arch, OsTuco Tubing reduced material and manpower 
costs 10% annually. 

In addition, Hyster engineers report the equipment is 
stronger and better able to take the strain of heavy hauling 
and winching jobs over rough logging terrain. 

Perhaps you have hidden profit-robbers in your product. 
Better contact OHIO SEAMLEsS for recommendations ... 
without obligation on your part, of course. 











8STUCO 


Swesev. onia 





SHELBY, OHIO ® Birthplace of the Seamless Stee! Tube Industry in America 
UBIN SEAMLESS AND ELECTRIC-RESISTANCE WELDED 
MANUFACTURED IN STEEL TUBING ® FABRICATING °* FORGING 
SALES OFFICES: Birmingham * Charlotte * Chicago (Oak Park) 


SHEL B Y, OHIO Cleveland © Dayton * Denver * Detroit (Ferndale) * Houston 
EXCLUSIVELY BY Los Angeles (Beverly Hills) * Moline * New York ® North 
Kansas City ® Philadelphia (Wynnewood) © Pittsburgh * Richmond 
Rochester * St. Louis * St. Paul © St. Petersburg * Salt Lake City 
Seattle © Tulsa * Wichita 
CANADA: Railway & Power Engr. Corp., Ltd. 
OF COPPERWELD STEEL COMPANY EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY, 
225 Broadway, New York 7, New York 
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processes and systems is presented in 
technical bulletin 18. It also describes 
physical and electrical properties of 
the Sonite series of filied epoxy resins 
for room temperature encapsulation 
of electrical and electronic compo- 
nents, 2 pages. Smooth-On Mfg. Co. 

Circle 696 on page 19 


Hydraulic Check Valve 
Suitable for hydraulic service at 
3000 psi, the AN-approved type MS 
¥%-in. lightweight check valve as well 
as % to 1-in. Tactair 1800 check 
valves are described in illustrated 
data sheet. 2 pages. Aircraft Prod- 
ucts Co., Tactair Valve Div. 
Circle 697 on page 19 


Corrosion Resistant Treatment 
“Corrosion Resistance of Chromal- 
lized Iron and Steel Parts” is a tech- 
nical bulletin which cites the results 
of test runs and shows typical appli- 
cations of this process for protecting 
parts. Process diffuses chromium 
into the surface of steel parts to pro- 
vide corrosion and wear resistance. 
8 pages. Chromalloy Corp. 
Circle 698 on page 19 


Wear Resistant Carbide 

Characteristics of Kennametal 
Grade K501, a tungsten carbide with 
a platinum binder for severe corro- 
sion conditions, are presented in bul- 
letin L-501. Typical uses, workability, 
physical properties and chemical 
properties are given. 2 pages. Kenna- 
metal Inc. 


Circle 699 on page 19 


Metal Forming Process 
Flotrusion process for cold flowing 
various metals into tubular forms of 
all sizes and shapes is detailed in il- 
lustrated folder “Why Machine It?” 
Process increases material strength, 
makes possible difficult designs and 
produces fine surface finishes. 6 
pages. Claude C. Slate Co. 
Circle 700 on page 19 


Stocked Electric Motors 
Various types of electric motors 
carried in stock are listed in the 
Baldor stock list. Brought up to date 
periodically, it gives quantity avail- 
able, Baldor and NEMA frame, horse- 
power, voltage, phase, cycle, rpm’s 
and catalog number. Baldor Electric 
Co. 
Circle 701 on page 19 


Oil-Hydraulic Equipment 

High — horsepower,  oil-hydraulic 
pumps, motors and _ transmissions 
with ratings from 28 to 2300 gpm, 50 
to 4000 hp and pressures from 0 to 
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3000 psi are detailed in engineering 
catalog 200. Heavy duty axial-piston 
pumps and motors are described. 18 
pages. Vickers Inc., Waterbury Tool 
Div. 

Circle 702 on page 19 


Welding Electrodes 
Information on AWS-ASTM arc 
welding electrode specifications, how 
to estimate electrode consumption, 
summary of welding symbols, fac- 
tors in selecting electrodes and other 
interesting data are found in Elec- 
trode Data Book NH-504. 24 pages. 
National Cylinder Gas Co. 
Circle 703 on page 19 


Electrical Insulation 
Properties, characteristics and uses 
of Armite, a vulcanized fiber elec- 
trical insulation in 0.004 to %-in. 
thicknesses, and Spauldo insulation, 
made from rag stock and from 0.007 
to 3/64-in. thick, are included in il- 
lustrated bulletin. 4 pages. Spaulding 
Fibre Co. 
Circle 704 on page 19 


Temperature Instruments 
“Temperature Indicators, Detectors 
and Controls for the Aircraft Indus- 
try” is title of comprehensive catalog 
56A. Sections deal with fire and over- 
heat detectors, heater controls, ac- 
cessory temperature controls, testing 
and calibrating equipment, gas tur- 
bine thermocouples and other tem- 
perature devices for use in aircraft. 
38 pages. Fenwal Inc., Aviation 
Products Div. 
Circle 705 on page 19 


Fractional HP Motors 
Series wound universal, capacitor 
three and four-lead, split-phase, 
shaded-pole and three-phase fractional 
horsepower motors and reducer mo- 
tors are detailed in illustrated cata- 
log. Ratings are from 1/1000-hp up- 
ward. Specifications, construction and 
dimensional diagrams are included. 
12 pages. Bodine Electric Co. 
Circle 706 on page 19 


Magnetic Tape System 
Stress, pressure, temperature and 
vibration can be recorded on Data- 
tape magnetic tape recording and 
playback system, subject of illus- 
trated bulletin 1561 B. Detailed speci- 
fications and application data are in- 
clued. 24 pages. Consolidated Elec- 
trodynamics Corp. 
Circle 707 on page 19 


Combustion Instruments 
Equipment for a complete combus- 
tion installation, including automatic 


draft control instruments and actua- 
tors; solenoid, diaphragm and motor 
operated valves for oil, gas, steam 
and water; time switches; relays; 
and oil burner primary controls, are 
content of illustrated catalog. Gen- 
eral Controls Co. 

Circle 708 on page 19 


Leak Test Fittings 
Fabricated tubing on any type of 
industrial fabrication can be tested 
for leaks with Sealastic fittings, de- 
scribed in illustrated catalog 209. 
How-to-use data are given, along 
with information on various types 
available. 4 pages. Chicago Forging 
& Mfg. Co. 
Circle 709 on page 19 


Tube Fittings 
Line of Triple-lok tube fittings of 
brass, steel, stainless steel and alu- 
minum is presented in illustrated cat- 
alog 4310. Included are swivel nut 
type and straight threaded fittings 
with O-rings for new SAE straight 
thread boss. 52 pages. Parker Ap- 
pliance Co., Tube & Hose Fittings 
Div. 
Circle 710 on page 19 


Automatic Lubricators 
Service instructions for the type N 
cyclic automatic lubricator are con- 
tained in illustrated instruction sheet. 
Sixteen types, all driven by machines 
they service, are covered. Specifica- 
tions are given. 2 pages. Bijur Lubri- 
cating Corp. 
Circle 711 on page 19 


Resistance Welding Equipment 
Line of Ampco-Weld resistanee 
welding electrodes and accessories is 
subject of illustrated catalog. Appli- 
cations, specifications and dimensions 
of standard welding tips, wheels, dies 
and holders are given, along with 
data on various accessories. 28 pages. 
Ampco Metal, Inc. 
Circle 712 on page 19 


Ball Bearing Pumps 
Model CK ball bearings pumps for 
hydraulic, coolant, transfer and circu- 
lating services are built in capacities 
from 5 to 200 gpm with pressures 
up to 400 psi. They are described and 
illustrated in bulletin 103 which gives 
their specifications and performance 
data. 8 pages. Tuthill Pump Co. 
Circle 713 on page 19 


Stainless Steel Tubing 

Technical data on Croloy 27-4-1 
type 329 low nickel seamless stain- 
less steel tubing and Croloy 25-12 au- 
stenitic steel are contained in Alloy 
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Seen above are several jobs which have 
solved problems for the manufacturers of 
end products. Sometimes we build a slip 
ring assembly which follows the customer’s 
design, or we will design and build an assem- 
bly which suits your equipment. Practically 
any size or design can be met. Let us quote 
you on a complete Superior package unit 
including rings, brush holders, brushes and 


contacts of our own manufacture. 


SUPERIOR CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE e CLEVELAND 5, OHIO 
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SLIP RING ASSEMBLIES 
BRUSH ASSEMBLIES e BRUSHES 
CONTACTS ...one-or ab 


e designed for your application 
e built to your specification 
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Sales Letters 285 and 286. Corrosion 
resistance, chemical analysis, size 
range, mechanical properties, micro- 
structure, welding characteristics 
and other data are covered. 3 and 4 
pages. Babcock & Wilcox Co., Tubu- 
lar Products Div. 

Circle 714 on page 19 


Thermostat 
Direct-acting control that protects 
laboratory and industrial electrical 
equipment from exceeding preselected 
temperature limits is described in il- 
lustrated bulletin RT-809. Ranges up 
to 800° F are offered. Specifications 
are given. 4 pages. Robertshaw-Ful- 
ton Controls Co. 
Circle 715 on page 19 


Protective Coatings 
Color tones for walls, ceilings and 
trim that complement and soften 
working light are featured in Op- 
tonic System of color selection. Color 
chart shows chips of many colors of- 
fered in variety of masonry, interior 
wall, floor, and other maintenance 
coatings. 4 pages. Arco Co. 
Circle 716 on page 19 


Variable Speed Reducer 
Full constant torque conversion 
with variable horsepower through the 
entire speed range and speed vari- 
able down to 0 rpm are features 
of the Zero-Max mechanical power 
transmission and control. Described 
in illustrated bulletin MO856, it takes 
input speeds to 2000 rpm and is of- 
fered in various ratios. 12 pages. 
Revco Inc. 
Circle 717 on page 19 


Stainless Steels 
Information provided in booklet on 
“Stainless Steel Types 308, 309 and 
310” includes physical properties, 
heat treatment, strength at elevated 
temperatures, fatigue strength and 
resistance to oxidation. 8 pages. 
Allegheny Ludlum Steel Corp. 
Circle 718 on page 19 


Air Control Valves 
Dimensional data, parts list, de- 
scription, price list and flow dia- 
grams are included in data file on 
Starline series of air control valves. 
Series is group of five pilot heads 
which are interchangeable with 
seven valve bodies. 71 pages. Ross 

Operating Valve Co. 
Circle 719 on page 19 


Surface Profile Recorder 
Flexible, accurate means for show- 
ing the true profile of practically any 
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E SPACE AND COSTS...TRANSMIT UP TO OR OVER 


0 HP WITH THE NEW 
‘sfmor XX HEAVY DUTY 


1%" PITCH 


“TIMING” BELT DRIVE 


TO HELP YOU COMPARE a Gilmer XX Heavy Duty “Timing” Belt drive with 
the four other common forms of power transmission of equal capacity, 
a power transmission engineer offers his recommendations based on 
published application and load ratings, for the following: 


A 300-HP drive (at 1160 rpm.) including application factors 
3.00: 1 speed reduction 
Approximately 50” center distance 





Here, complying with minimum pulley sizes and other practices commonly observed, are his recommen- 
dations (with approximate comparative cross sections of space occupied by each drive): 





“TIMING” BELT DRIVE 
Belt: XXH ‘‘Timing’’ Belt 10” wide by 160” Z 
Ra V-BELT DRIVE 
Motor Pulley: 9.549” P. D. (24-groove) 144”- Belts: 10 —_ Service ‘‘D’’-Section V- 
itch 


pitc Belts (DP-225) 
Driven pulley: 28.648” P. D. (72-groove) 114”. Motor pulley: y 0” P. D. x 10 D-groove, 
4 








pitch 14%” 
Belt speed: 2900 feet per minute Driven pulley: 4, .0” P. D. x 10-groove, 
143%" 





Beit speed: 5380 feet per minute 





GEAR DRIVE 


Herringbone gear speed reducer with 
3:1 ratio. (A typical reducer of re- 
quired capacity weighs 1440 Ib., 
measures 33” long, 2656” high and 
19” wide.) 


























FLAT BELT DRIVE 
ROLLER CHAIN DRIVE Belt: 21° wide x 8-ply x 18’ 4” long 
in: iy ” witch 5 Motor pulley: 18” 0. D. x 23” wide 
ee ent ae Driven pulley: 54” 0. D. x 23” wide 
Motor sprocket: 7.979” P. D. (25 teeth) Beit speed: 5380 feet per minute 
Driven sprocket: 23.880” P. D. (75 teeth) 
Chain speed: 2380 feet per minute 
(Requires Type #3 lubrication with oil-tight 
case for sump pump) 
































In cost and in weight the “Timing” Belt drive also has a big savings 
advantage. Ask your NYB&P-Gilmer Distributor for the figures. 
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GRAYIRON 
CASTING = 
CHARACTERISTICS 





If you are on the lookout for new ways and means to improve your 


products and save money, too, investigate modern gray iron castings. 
Gray iron is not only the most economical of all basic components, but 
recent developments in new gray irons and casting techniques are 
elevating their utility to new highs. Today they possess a combination 
of essential engineering properties that cannot normally be duplicated 
in more expensive competitive materials. Acquaint yourself with the 
present and future possibilities of modern, controlled gray irons. Be 
sure that gray iron is making its full contribution to your products. 
Write for the GIFS “Summary of Specifications” today. 


it’s time to design with 


GRAY IRON CASTINGS 


GRAY IRON FOUNDERS’ SOCIETY, INC. 
National City-East 6th Bldg. * Cleveland 14, Ohio 


= \ 
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Helpful Literature 








machined or finished surface is pro- 
vided by the Proficorder, described 
in illustrated bulletin LT-24. Repro- 
ductions of chart records are shown 
and applications are suggested. 4 
pages. Micrometrical Mfg. Co. 

Circle 720 on page 19 


Welding Control Equipment 
Bulletin GEA-5945A discusses all 
facets of G-E synchronous precision 
control equipment for resistance 
welding. It lists typical areas of ap- 
plication, describes components and 
accessories and discusses control’s 
use in spot, seam, combination and 
bench welding. 8 pages. General Elec- 
tric Co. 
Circle 721 on page 19 


Strip Terminals 
Fingrip quick-disconnect strip ter- 
minals are offered in male, female 
and right angle types for wiring in 
stoves, oil burners, switches, fans, 
timers and harnesses. Test data bul- 
letin covers pull-out, pull-off, heat 
tests, dimensions and installation. 8 
pages. Burndy Corp., Omaton Div. 
Circle 722 on page 19 


Servoboard Assembly 

Tables of common gear ratios and 
moments of inertia for gears are in- 
cluded in instruction sheet SBI-1 for 
Servoboard electro-mechanical as- 
sembly kits. Instructions for instal- 
ling hangers, components in hangers, 
gears, gear alignment and gear se- 
lection are given. Servo Corp. of 
America. 


Circle 723 on page 19 


Thin Electrical Steels 

Representative test results on three 
types and five thicknesses of thin 
electrical steel are presented in il- 
lustrated manual 4856. Covered are 
applications, availability, fabrication, 
properties, testing methods and con- 
version factors. Thirty-nine pages of 
design curves are inluded. 56 pages. 
Request directly from Armco Steel 
Corp., Middletown, O. 


Gearing & Speed Reducers 

Included in Gear Catalog No. 57 
is information on gear materials 
and heat treatment, gear cutting 
capacities for all gear types, tooth 
forms, comparison for milled-form 
and generated spur gears, AGMA 
Class 1 horsepower ratings, AGMA 
horsepower formulas and lubrication 
specifications for line of gears and 
speed reducers. Request directly from 
Horsburgh & Scott Co., 5114 Ham- 
ilton Ave., Cleveland 14, O. 


MACHINE DESIGN 








(Advertisement) 


How engineers eliminate costly 


manufacturing headache 


by 


Adding One Specification to Prints 


Cut Production Costs 
While Improving Design 


ESIGN and process engineers are now helping 
to get rid of one of the costliest headaches in 
almost every metalworking plant—the removal 

of burrs from machined parts. Such burr-removal 
often costs more than the original machining itself. 

You too can do this for your parts—just by adding 
one dimensional specification that will cut costs and 
improve your product. 

How? 

Simply by specifying dimensional generated cham- 
fers on parts prints. Specify them for those part 
edges on which burrs are normally left by machining. 
Such generated deburr-chamfers can now be ac- 
curately produced on MODERN Burr-Masters at 
amazingly low cost and high speeds. Symmetrical 
toothed elements, including internal and external 
gears, can be chamfer-deburred over the entire tooth 


contour—flank, tip, root and fillets—at an average 
speed of five teeth per second! 


Note how the MODERN Burr-Master produces a 
generated chamfer that both positively removes the 
burrs and provides a functional chamfer of any rea- 
sonable width desired on the part. 


There are many types of MODERN Burr-Masters 
to take care of different kinds of parts. They can 
even get into the most surprisingly inaccessible places 
to chamfer-deburr. Chances are we have just the 
Burr-Master to suit your needs. 


Our engineering department will be happy to pro- 
vide you with complete details. Therefore may we 
suggest you send them prints of some of your parts 
that now have to be deburred. If possible, include 
sample parts, with the burrs still on them. 


14230 BIRWOOD AVE. m L D e 2 fl. DETROIT 38, MICHIGAN 


Tudustriial Engineering Co 
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and Materials 


Use Yellow Card, page 19, to obtain more information 











PVC Ball Valve 
in 14 to 2 in. sizes 


Polyvinyl chloride ball valve han- 
dles corrosive and other difficult 
fluids. It can be used in many plas- 
tic or metal piping systems for 
either vacuum or pressure service. 
Design includes full flow, quarter- 





























turn shut-off, with leaktight cycles 
and no maintenance. Valve seats 
and seals are easily replaceable. 
Rating is 150 psi at ambient tem- 
peratures and 50 psi at 130 F. 
The valve is complete with air op- 
erator for remote control and se- 
quence operations. Sizes 1% to 2 in. 
in screwed end are available. 
Jamesbury Corp., 62 Millbrook St., 
Worcester, Mass, 

Circle 724 on page 19 


Cast Teflon Film 


new process provides 
extremely thin film 


Cast Teflon film in thicknesses 
from 0.00025-in. up is made by 
depositing sub-micron-size particles 
of Teflon on a highly polished 
metal substrate. A series of op- 
erations results in heavier gages 
by fusing together separate layers; 
the 0.004-in. gage is formed of 12 
layers. Films are free of voids, 
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pinholes and physical surface dis- 
turbances, and possess high dielec- 
tric strength and life. Applications 
range from capacitor dielectric to 
wire insulation. Dielectrix Corp., 
Allen Blvd. and Grand Ave., Farm- 
ingdale, N. Y. 

Circle 725 on page 19 


Aluminum Connectors 


in shell sizes from 
3% to 134 in. ID 





Miniature aluminum _ connectors 
weigh less and take up less space 
than standard AN connectors. Con- 
tacts are size 20, gold plated, and 
have machine-closed entry sockets. 
Quick-disconnect coupling between 
a modified double stub thread or 
three-point bayonet lock are avail- 
able. Provision is made for grom- 
met sealing, potting, cable sealing 
and conduit applications. Connec- 





tors are available in a variety of 
shell styles and insert arrange- 
ments. Shell sizes range from %% 
to 1%% in. ID and incorporate from 
1 to 55 contacts. Manufactured by 
Scintilla Div. of Bendix Aviation 
Corp., connectors are available from 
Avnet Eastern Sales, 36 N. Moore 
St., New York 13, N. Y. 

Circle 726 on page 19 


ladustrial Wheels 


are of nylon- 
reinforced plastic 


Lamilon nylon-reinforced all-plastic 
wheels for materials handling 
equipment have high impact 








strength and abrasion resistance. 
Water absorption factor is low, 
and they are unaffected by oils 
and greases and show high resist- 
































ance to most chemicals including 
acids, alkalies and solvents. They 
perform well in elevated tempera- 
tures. Available in sizes 3 through 
12 in., wheels are sparkproof and 
have high load ratings. Fairbanks 
Co., 393 Lafayette St., New York 
3, N. Y. 
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Communications Wire 


has high tensile strength 
and good conductivity 





Copperply communications wire is 
of high-strength steel with a heavy 
copper coating. It meets multiple 
requirements of high tensile 
strength (up to 250,000 psi), elec- 
trical conductivity, bright finish 
and resistance to fatigue and cor- 
rosion. Copper coating is joined to 
steel core in a permanent bond that 
permits twisting, stranding, weav- 
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IN ELECTRICWARE, TOO, @ There are so many advantages 


to stainless electricware it’s no 
surprise that sales are skyrocketing. 


° Homemakers like the naturc!l beauty 
of stainless — the way it easily 
jponond absorbs the punishment of everyday 
STANDS OUT use and stays forever new 


with a minimum of care. 
@ Sharon’s thorough knowledge of 
the utensil industry, the ability 
40 produce specification steels of 
consistent uniformity, plus the finest 
finishes in the industry are reasons 
why so many of the nation’s leading 
electricware manufacturers specify 


Sharon Quality Stainless Steels. 


For 56 Years 
a Quality Name 
in Steel 








Special formulas developed 
for specific or unusual 
conditions. Will not cut 
or stick to the shaft 
under ordinary operating 
conditions. Carry on 
during temporary 
lubrication failures. 
Absolutely will not 
powder in severest 


service. 


Highest qua!y 
machining to 
precisely con:rulled 
tolerances. Difficult oil 
grooving .. . smooth grooves, 
even around acute bends 
+++ No sharp edges or 
burrs... remarkably 
better lubrication. Also 


available rough cast. 


saat 
— 
-— Send prints 
——-~ _ condition of operation 
for recommendations, 
quotations, literature 
and service 
data sheets. 


Amoniean Crucible 


“Bearing Specialists Since 1919" 
1321 OBERLIN AVENUE, LORAIN, OHIO 
Please send free literature and service data 
sheets on Promet Bronze. 

NAME 

COMPANY 

STREET 

CITY & STATE 














Cirele 499 en page 19 








New Parts 





ing, braiding, bending or flattening 
wire without rupturing the bond. 
Wire is available in two grades, 
with 30 and 40 per cent conductiv- 
ity and in both high and extra- 
high strength classes. Diameters 
from 0.0640 to 0.2893-in. are pro- 
duced. National Standard Co., 
1939 Ward Rd., Niles, Mich. 


Circle 728 on page 19 


Terminal Blocks 


provide taper-pin 
solderless connections 


Improved terminal-block design 
features precision-reamed tapered 
receptacles to allow solderless con- 
nections. Positive locking is given 
between taper pin and molded-in 
machined receptacle. Series 145- 
58 terminal blocks have single row 


of 20 contacts, 10 dual contacts, 
or 10 single contacts in any pair 
or combination of shorted con- 
tacts. Series 145-48 blocks have 
20 rows of triple-stacked contacts 
in any desired shorting combina- 
tion. Receptacles are gold-plated 
brass over silver for low contact 
resistance. Dedur-Amsco Corp., 
Electronics Sales Div., 45-01 
Northern Blvd., Long Island City 
Re ie & 
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Ultrasonic Generators 


drive low-impedance 
ultrasonic transducers 


Glennite U-405 ultrasonic genera- 
tors are designed to drive a variety 
of low-impedance ultrasonic trans- 
ducers. Useful for electromechan- 
ical techniques, such as cleaning, 
chemical processing, soldering and 
drilling, the generators have an 
untuned output system and 500-w 
RF power output, plus a range 
of frequency levels. They are blow- 
er-cooled and operate at a nominal 





BUILD A GAGE INSTAL- 
LATION TO SUIT 
YOUR NEEDS... 


with these packaged, on-the- 
shelf P&W Air-O-Limit Light 
Signal Units. Can be used to 
signal operator or to provide 
feed:back impulse for fully au- 
tomatic process control. 


BASIC 2-LIMIT UNIT... 


indicates high and low toler- 
ances. Suitable for sorting and 
other ‘‘yes-or-no”’ control 
applications. 


3-LIMIT UNIT . . . especially 
suited for grinding and similar 
operations. Indicates or auto- 
matically controls such condi- 
tions as: “Fast Feed,” “Slow 
Feed,” and “Spark-Out.” 


Oe tape an 


4-LIMIT UNIT . . . similar to 
3-Limit Unit, but provides 
greater control scope. Indicates 
or controls such conditions as: 

Approach High Limit,” “High 
Limit,” Le Low Limit” 


and “Low Limit.” 


MACHINE DESIGN 
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Pratt & Whitney “Automation Gaging”’ is fully auto- 
matic control of product size by means of “feedback” 
impulse from automatic gages to the machine. Ap- 
plied to your designs, Automation Gaging can help 
you provide performance standards that will increase 
production rates, reduce scrap losses and take full 
advantage of the high precision built into your 
machines. In addition, Pratt & Whitney standard, 
on-the-shelf Packaged Gage Units provide an instal- 
lation custom-tailored to your design requirements 
without the expense and delays involved in engineer- 
ing and constructing special controls. 


In this example — a Micromatic Hydrohoner — auto- 
motive cylinder blocks are gaged during the 


: 4 Ie clases bee)? |..® 4 Pi Ti Lit 


= —_ Each honing head is equipped 


with a Pratt & Whitney 

Air-O-Limit Gage Nozzle that 

controls and checks bore size 

3 throughout the honing process 
7 Eight bores are being honed 

z- 3 simultaneously 
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PHOTO COURTESY OF MICROMATIC HONE CORPORATION, DETROIT, MICH. 


Design Higher Production into Your Machines THE EASY WAY 


e e e e WITH PRATT & WHITNEY “PACKAGED” AUTOMATION GAGE UNITS 


Microhoning process. When final size is reached, the 
machine is automatically shut off and the Microhon- 
ing tools are retracted. A change to a different bore 
size can be made without stopping the machine, by a 
simple adjustment on a calibrated gage control dial. 
Visual indication is given of the accuracy of the new 
adjustment. Cylinder blocks are produced at a rate of 
120 per hour. Reject and scrap losses are virtually 
eliminated. 


Call in a P&W Field Engineer to analyze your re- 
quirements and recommend the right P&W Automa-* 
tion Gaging installation to meet your needs exactly. 
Pratt & Whitney Company, Incorporated, 33 Charter 
Oak Boulevard, West Hartford, Connecticut. 


GAGE BLOCKS. . . CONVENTIONAL GAGES... SUPERMICROMETERS . . . STANDARD MEASURING MACHINES . . . COMPARATORS... AUTOMATION AND CONTINUOUS GAGES 


PRATT & WHITNEY 


FIRST CHOICE FOR ACCURACY 


MACHINE TOOLS 


« GAGES +- CUTTING TOOLS 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 









| New Parts 


Are your Sales | - fixed frequency of 40 ke or at 


any frequency between 20 ke and 


Gd nd Profits A ak Soest Al | 2 me, depending on model. Gulton 









Industries Inc., 212 Durham Ave., 
Metuchen, N. J. 
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Flexible Magnetic Plastic 


for miniaturization of 
magnetic designs 












Flexible ferromagnetic plastic, des- 
ignated Ferrotron, possesses good 
dielectric strength, constant mag- 
netic permeability over a wide 
range of frequencies to 3000 me, 
and excellent moisture and temper- 
ature resistance to 200 C. Avail- 











Double pressure: 
stiff competition 
and rising costs 
can cause profits 
to falter.... 











POW - & able in rod and tape form, material 
is offered in sample kits and pro- 
ASSEMBLING METHODS 


duction quantities to electronic de- 

Ss % signers for investigation and fab- 
will help sustain 

THAT PROFITS LINE! 


rication of new concepts in circuit 
development, including miniaturiza- 
tion of components. Rod diameters 

@ Though profits may continue to move upward are ¥, 3/32 and %4-in. Tape is 

under present conditions, profit increases may not ¥2-in. wide in thicknesses of 0.004, 

match sales advances. Here is where DPS methods 0.008, 0.016 and 0.032-in. Polymer 

with their time-saving, stepped-up output and Corp. of Pennsylvania, 2140 Fair- 

lower costs can meet the situation effectively. Re- mont Ave., Reading, Pa. 

sults in progressive plants everywhere prove it. 

Plan now to put more profit into your feeding 

and assembling operations. DPS POWER SCREW- 

DRIVERS and SELECTIVE PARTS FEEDERS will do it. 

Write us, give details. We'll send catalog and 

recommendations. 
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Component Holders 


in 300 new variations 
offer protection to 90 g 


SCREWDRIVING MACHINES Clip-type component holders, for 

Bench and Pedestal Types meeting conditions of severe vibra- 
— tion and shock, are available in 300 
additional variations. These in- 











BOWL FEEDER BARREL FEEDER 








Electrical vibratory type to feed with stationary ring cover for 
parts that cannot be tumbled. heavy-duty production. 





BARREL FEEDER 
Popular motorized type, for 
parts requiring critica) 
selection. u 

















i yoaeg  Yisas 
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i, Ze = VY ED Ee clude: lightweight slotted holders 

ba il = re ca. for glass, paper and plastic envel- 


opes and cases such as subminia- 
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Famous Ward Leonard Vitrohm® vitreous-enameled re- 
sistors are now available in every style to meet all require- 
ments of Military Specification MIL-R-26C including the 
severe bogeys on moisture resistance, thermal shock, insula- 
tion resistance and many other properties. 

What's more, this line offers you all characteristics—G, V, 
and the exacting Y—and all specification sizes and resistance 
values—even the highest values using the finest wire ( 0.00175” 
dia.) permitted by the spec. 

Tab-terminal, axial-lead and stack-mounting types are 
available in styles and characteristics shown in table. 

For complete data on these MIL-R-26C resistors, write us 
for Bulletin 12. (And incidentally, for Vitrohm resistors to 
highest commercial and industrial standards, get W/L Cata- 
log 15.) Ward Leonard Electric Co., 58 South Street, Mount 
Vernon, N.Y, In Canada: Ward Leonard of Canada Ltd., 
Toronto. 


ENGINEERING 
DATA 


AVAILABLE IN RESISTANCE 
Stack Mtg.— | RW20 thru All values 
Tab 24 in Spec. 
Tab terminal RW29 thru * All values 
47 in Spec. 
Axial lead RW55 thru All values 
59 in Spec. 
*Characteristic Y applies to styles RW30, 33, 37 and 47 


only. Characteristic Y is similar to V but requires high in- 
sulation resistance at end of moisture-resistance tests. 


tMaximum values for singie-layer-wound resistors with 
0.00175” diameter wire. 


LIVE BETTER...E/ectrically =: 


ome 
“aery, we 
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CLEVELAND SPECIAL HEADED AND THREADED PRODUCTS 





This Cleveland special % x 3% in. low-carbon-steel stud is used in 
quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers. 





Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


ARR Je 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 
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bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and considerable 
scrap. 

Cleveland now coid forms this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. In the head, threads 
and fillets, grain flow is symmetri- 
cal and unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


leaving the core ductile. Both fa- 
tigue resistance and tensile strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part you have in mind. 


Write for a copy of our foldet “Specials by Specialists” 
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THE CLEVELAND CAP SCREW COMPANY 
4444-6 Lee Road, Cleveland 28, Ohio 
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New Parts 





ture tubes and capacitors; silver- 
plated beryllium-copper holders for 
applications requiring nonmagnetic 
material; and heat-treatable silver 
alloy holders for applications re- 
quiring maximum heat dissipation. 
All have been tested to 90 g at 2000 
cycles without resonant frequen- 
cies. Holders are available in diam- 
eters from \% to 1% in. with 
lengths from 3/16 to 4 in. Atlas 
E-E Corp., 47 Prospect St., Wo- 
burn, Mass. 
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Power Pickup 


operates low-voltage 
relays without amplifier 


Power pickup serves as a self-gen- 
erating power source for operating 
directly over and under-speed con- 
trols or warning devices and pro- 
vides sufficient power to operate 
low-voltage relays without ampli- 
fication. At actuating speeds of 
250 in. per sec or more, unit pro- 





| 
L Wine rf i 


vides sufficient power to operate 
relays having 100 mu w sensitivity. 
When used with two germanium 
diodes in a voltage-doubler circuit, 
unit will operate a conventional 
2500-ohm vacuum tube plate cir- 
cuit relay. Temperature limit is 
200 F. Size is 2% in. overall 
length by %-in. diam. Electro 
Products Laboratories, 4501 
Ravenswood Ave., Chicago 40, Il. 


Circle 733 on page 19 


Passive Cathode Alloy 


for electronic tubes in 
high-shock applications 


Cathaloy P-51 passive cathode al- 
loy contains 4 per cent tungsten 
to increase its strength. Hot yield 
strength is approximately 5000 psi 
at 800 C. Material is designed for 
electronic tubes which require low 
rate of barium evolution, minimum 
sublimation and freedom from in- 


(Continued on Page 196) 
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“Tough” Investment Casting jobs are the rule at ARWOOD, 
not the exception. 


Intricete shapes, unusual contours, fine detail, metals and 
alloys difficult or impossible to machine, rigid quality control 
specifications, unyielding performance requirements... Add 
them all together and they total a “tough” job. 


Expert research, design and development staffs, multi-plant 
tooling, casting and finish-machining facilities, Government- 
approved heat treating and inspection equipment, 54 field 
engineers in 20 major industrial centers . . . Add them all 
together and they total ARWOOD quality, reliability and 
know-how. More than a match for any “tough” job. Do 
YOU have one to try us out on? 


‘\\. ARWOOD PRECISION CASTING CORP. 


| a & 315 West 44th Street, New York 36, N. Y. 
Plants: Brooklya, N.Y. - Groton, Coun. - Tilton, W.H. - Los Angeles, Calif. 
“PIONEERS IN INVESTMENT CASTING” 
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ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT... 


Hyatt’s Simplified Fitting 
Practice for Bearing Races 





‘te obtain the best possible performance, roller 
bearing races must be assembled on shafts and in 
housings with certain fits developed by design and 
experience. The most frequent condition to be 
met is a rotating shaft where specific load and speed 
conditions must be satisfied with appropriate race 
fits. These vary according to the manufacturer, 
and in the case of some manufacturers, according 
to the application. Naturally, the fits will also 
vary according to bearing type and size. 


CARBURIZING PERMITS 

1 

" HEAVIER INTERFERENCE FITS 
Taking the standard metric series of cylindrical roller bearings 
for an example, the bearing user has the choice of two fitting 
practices. One involves the use of inner races made of through- 
hardening steel, which dictates fairly light interference fits to 
avoid splitting. The other utilizes races made of low carbon 
steel carburized and hardened to develop a suitable surface 
hardness and a tough ductile core. The latter perraits much 
heavier interference fits and has the additional advantage 
of eliminating all auxiliary holding devices, because the race 
becomes practically an integral part of the shaft. (Figs. 1, 2.) 


= HEAVIER FITS SIMPLIFY 
* 

MOUNTING, REDUCE COSTS 
Hyatt originated the carburized race and the system of 
relatively heavy inner race fits to simplify bearing mounting 
and eliminate the need for retaining devices. Practically all 
HYATT inner races are made from nickel alloys of the car- 
burizing type. They permit mountings of the simplest type 
and lowest over-all cost. Furthermore, the shoulders of HY ATT 
carburized races will withstand considerably greater impact 


loads than will ordinary races. (Figures 3 and 4.) 
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HwATT pioneered the use of carburizing 
type alloys in order to obtain 


the advantages of heavier race fits 


HYATT METRIC SERIES 
OUTER RACES MAY BE 
MADE OF EITHER HIGH 

or 14-10), me) -mmOr-1-4-10) SPALL IC) 
GRADE ALLOY 


HYATT METRIC 
INNER RACES A 
A F CARBURIZ 


RADE ALLOY 


HARD CASE OF TOUGH AND 


SUITABLE DEPTH DUCTILE CORE 


SECTION OF-HYATT 


A HYATT MOUNTING IS 
ALWAYS OF THE:SIMPLEST 
DESIGN AND LOWEST 
OVERALL COST 


INNER RACE 
TASSEMBLED WITH 
ARELATIVELY HEAVY 
INTERFERENCE FIT 
BECOMES AN 
INTEGRAL PART 

OF THE SHAFT 


MACHINE DESIGN 











Hyatt inner race being centerless I. D. (inside diameter) ground to close tolerances. 


There are two fitting specifications which appiy to HYATT 
inner races, depending on whether the inner race rotates or is 
stationary in operation. Remember, with both inner and 
outer race, the rotating member is assembled with heavier fit. 


3, MYATT INNER RACES CAN BE 
" EASILY SHRUNK ON SHAFTS 


HYATT inner races may be mounted on shafts by pressing or 
shrinking. Where shrinking practice is employed, first heat 
the race in oil held at a temperature not over 300°F, or in an 
electric oven under a similarly controlled temperature, until 
it expands sufficiently to be slipped into position. The required 
interference fit will develop as the race cools in place. For 


THE SHOULDER OF.A CARBURI 
IS STRONGER ‘AGAINST 
IMPACT LOADS 











special conditions of fit involving hollow shafts of varying 
sections or multiple housings of dissimilar metals, consult 
your HYATT Sales Engineer from our nearest sales office. 


COMPONENT PARTS OF A 
HVATT ROLLER BEARING 


OUTER RACE ~ 
|, END RING 

SEPARATOR™ 

INNER: RACE 


























P~ INNER RACE 
[- CAGE 
F- OUTER RACE 





YOU WILL FIND MORE DETAILS 
in HYATT Catalog No. 150. If you do not have 
a copy, write Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. Sales 
offices at Harrison, Pittsburgh, Chicago, Detroit 
and Oakland, California. 


GM 


sores | 
.'/ Ay” ROLL BEARINGS 
, FOR MODERA IA DUSTRY 
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IS YOUR PROBLEM: 


WEAR plus 
severe CORROSION ? 


Then you'll be interested in investigating 
Kennametal* Grade K501 


Kennametal Grade K501, a platinum bonded tungsten carbide, was 
developed especially to meet conditions where severe abrasive conditions 
as well as corrosive agents are encountered. While K501 equals the corro- 
sive resistance of the noble metals, it is lower in cost, and has a much higher 
resistance to wear. 

’ Here are results of laboratory corrosion tests, showing comparisons with 
other metals which were developed specially for corrosion resistance: 











STRENGTH % by WT. TEMPERATURE LOSSt mg/dm/d 

s | € |oalz|z 3 oa |2 |3 % | ols 

es} = |ales ES = > lesles| = | sles 

e2 ] s}jex] ee ] 3 ex ]22 3 s|e=< 

3 S eis | & Ss gis |s 5 3s 
SOLUTION - =} | * et ods fen les ae 
Nitric Acid (HNO) Above 1]— | 5 [Boiling |Above 80°F — [Room] 0 Not — | 587 
Sulfuric Acid (H2S0.4) 5 | Above 20] 10 | 5 [Boiling | Boiling Boiling |Room| O | Recom- | 85 161 
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Note: The above tests are indicative of what may be expected in service, 
but it is recommended that specific tests under specific conditions 
be made. 

In addition to its unusual abrasion and corrosion resistance properties, 
Kennametal K501 has a Hardness of 91.8 Rockwell A, Transverse Rupture 
Strength of 125,000 psi, and a Specific Gravity of 15.50. These unique 
properties suggest its use in valve parts, nozzles, seal rings, balls, non- 
lubricated guides and bushings, and other parts exposed to strong mineral 
acids, fuming nitric acid, and similar highly corrosive agents. 

Made by Kennametal’s exclusive methods of powder metallurgy, K501 
can be produced in many complex shapes to close tolerances to meet the 
requirements for specific parts. It can be fastened by brazing. 

Why not investigate Kennametal K501? It may be the answer to your 
problem. Write KENNAMETAL INc., Latrobe, Pennsylvania. 


tTests of one week duration 


*Kennametal is the trademark of a series of tungsten and titanium carbides which have exceptionally 
high resistance to the destructive forces of abrasion, corrosion, erosion, deflection, deformation, high 
temperature oxidation and impact. 
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ETAL 


See our catalog 

in Section 1b/Ke, 
Product Design File, 
Sweet's Catalog 
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(Continued from Page 193) 


terface impedance. It is especially 
useful in ruggedized tubes. Alloy 
is available in seamless, welded and 
cold drawn, and Lockseam forms 
to exact dimensional specifications. 
Superior Tube Co., Germantown 
Pike, Norristown, Pa. 

Circle 734 on page 19 


Selector Valve 


leakproof unit for 
liquids to 1000 psi 


Seal-tite selector valve, in indexed 
positions, gives no-leak service for 
air, gases, hydraulic oil, nonaro- 
matic fuel, petroleum, or water. 
Working pressures are 0 to 500 psi 
for air and gases and 0 to 1000 psi 
for liquids. Operating tempera- 





ture range is —65 to 160 F. Dy- 
namically loaded sealing rings on 
opposing sides of valving-disk seal 
tighter as pressure increases. Re- 
versal of flow at any pressure, or 
lack of pressure, will not unseat 
seals. Port sizes are \4-in. to 1 in. 
Republic Mfg. Co., 15655 Brookpark 
Rd., Cleveland 11, O. 
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Tube and Component Retainer 


guards tube against 
severe shock or vibration 








Stainless-steel top-holding tube and 
component retainer conforms with 


MACHINE DESIGN 
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military approved method of tube 
retention. Consisting of two parts, 
a post and a cap, unit is available 
in single and double-post styles 
to hold all tubes and cylindrical 
components from % to 2 15/16 in. 
in diam. Post heights range from 
¥ to 51% in. (increments of 14-in.). 
Device holds tubes and components 
securely under severe shock and 
vibration, yet can be removed 
readily. Birtcher Corp., Industrial 
Div., 4371 Valley Blvd., Los 
Angeles 32, Calif. 
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Hand Wheels 


are cast in 
lightweight aluminum 


Straight and angular hand wheels 
are lightweight aluminum cast- 
ings, plain or finished, with or 
without lug for revolving handle. 
Straight wheels are available with 
6, 8, 10 and 12-in. diameters; an- 


gular wheels in 7 diameters from 
4 to 14 in. Four and five-inch di- 
ameter wheels are solid-disk type 
without spokes. Wheels from 6 
to 10 in. in diameter are standard 
four-spoke models, as shown. The 
14-in. wheel has five spokes. Jer- 
gens Tool Specialty Co., 712 E. 
163rd St., Cleveland 10, O. 
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Straight-Thread Fitting 


provides positive seal 
of hydraulic fluids 


Elbow-shaped CN  captive-nut 
straight-thread fitting provides 
positive seal of all hydraulic fluids 
without use of an O-ring. It is 
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DOUBLE PITCH CHAINS 


become more popular 
with every application 


Double pitch chains are becom- 
ing increasingly popular for ap- 
plications where a precision roller 
chain is required and where cost 
is an important factor. 


Acme’s double pitch precision 
chain is available in standard steel 
and in a stainless steel line up to 
and including 1%” pitch for con- 
veyors in the packaging, aircraft 
and many other industries. Stain- 
less steel provides the greatest 
resistance to corrosion, which is 


an important factor in these in- 
dustries. 


If you use continuous process ma- 
chinery in textile, agricultural, 
building, material handling, food 
processing, bottling or other 
fields, you should insist on Acme 
precision built double pitch roller 
chain. Acme stands up to your 
performance expectations. 


Available from stock at your 
Acme distributor. 


FREE CHAIN CATALOG 


Write Dept. 6-J for your 80-page copy of Acme’s 
latest catalog. Packed with valuable chain 


§ 
wat 
(ic 


ere 


Call 


ACME 


for Service 


data. An indispensable chain reference. 


HOLYOKE 
MASSACHUSETTS 


Circle 506 on page 19 









i A aha RR se 


INDUSTRIAL 
WIRE CLOTH 


in BULK 
or 


FABRICATED PARTS 


COMPLETE LINE 


Nine weaves ranging from 
the finest to the coarsest, in 
any metal or alloy. 


ACCURATELY WOVEN 


Individual loom operation and 
careful inspection just before 
shipment assure accurate mesh 
count and uniform mesh size. 


PROMPTLY DELIVERED 


Most bulk orders are shipped 
immediately from stock. If 
your needs are for less fre- 
quently used types, we'll 
schedi'le our looms to fill your 
order without delay. 


In fabricating parts... 
filter leaves, strainers, siz- 
ing screens .. . we'll work 
from your prints or draw 
up prints for your OK. 


LET US QUOTE on your next order 
for wire cloth. Call your Cam- 
bridge Field Engineer—he'’s listed 
under “Wire Cloth” in the Yellow 
Pages of your ‘phone 
book or write for 
FREE 80-PAGE CATA- 
LOG and stock list. 





wine 


| 
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highly resistant to vibration and 
intense heat, eliminates stress, and 
can be assembled and reassembled 
without damage to port or fitting. 
Fitting allows minimum 405 deg 
for positioning in port. Burnished 
seats provide leakproof joints, and 
induction-toughened tube outlets 
prevent collapse of flare seat and 
stripping of threads. Radius cor- 
ners provide free flow passages. 
L & L Manufacturing Co., 8088 E. 
Nine Mile Rd., Van Dyke, Mich. 

Circle 738 on page 19 


Load Wheel 


has high 
load-carrying capacity 


Disowheel, with a tire composed 
of Disogrin, offers long tire wear, 
low power consumption and _in- 
creased load capacity for materials 
handling equipment. Load-carrying 
capacity is rated to 2000 lb for 
a 3x 4-in. wheel. Wheel withstands 
heavy stationary loads for ex- 





tended periods without develop- 
ing appreciable flats. It has low 
rolling resistance and high abra- 
sion resistance. Other features in- 
clude resilience value of approxi- 
mately 25 to 60 per cent, excel- 
lent oil, ozone and sunlight resist- 
ance, and excellent floor protective 
qualities. Greer Industries Inc., 
N. Y. International Airport, Ja- 
maica 30, N. Y. 

Circle 739 on page 19 


Miniature AC Motors 


have 102 planetary ratios 
from 4:1 to 3,000,000:1 


Type FC standard motors, for 115 
or 200 v ac, 60 or 400 cycles, are 


pacitor) or two-phase operation, 


( The Cambridge Wire Cloth Co. wound for single-phase (with ca- 
a . 


METAL SPECIAL Department N, two, four or six pole, and three 

Po sceoh CONVEYOR meres Cambridge 3, phase, two and four pole. Motors | 
BELT FABRICATIONS Maryland ; d , 

4 can be furnished with integral i 

> OFFICES IN PRINCIFAL INDUSTRIAL CITIES planetary gear reducers, offering 


102 ratios between 4:1 and 3,000,- 
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Aoro-Fio 
formed parts are 
produced faster, at 
lower cost, are stronger 
than machined parts of 
the same dimensions, 
have higher fatigue 
resistance. 


LET US PROVE IT 
ON /6w7_ PARTS 


You can now have your own experimental toothed parts 
(including involute splines, oil grooves, etc.) 
ROTO-FLO formed 


without buying a machine 


You can prove to yourself and your company that 
ROTO-FLO forming will improve performance and life 
while lowering production costs of 


your own actual parts 


All you pay for is an experimental pair of racks, 
and special tooling if needed. 


Our field engineer in your area will be happy to work 
with you. May we ask him to supply you 
with complete information? 


Please let us know 


7171 E. McNICHOLS RD., DETROIT 12, MICH., U.S.A. uu ‘ 
IN CANADA: COLONIAL TOOL CO. LTD. 














SNAP-ACTING 


CONTROLS 


are designed into International's 
Mobile Home Furnaces 
for dependable performance 





In developing its automatic central furnace fer mobile homes, 
the International Oil Burner Company, like other leading with fixed temperature settings engineered to 
heating equipment manufacturers, chose KLIXON Controls meet your requirements. Write today for 
on the basis of performance. Catalog THSN. 

International’s TAC 1000, which is compactly designed to ; 
fit into mobile home cabinet space and deliver 43,000 
BTU/hr., uses KLIXON Controls in hi-limit, low-limit and 
fan control applications. 

The inherent snap-action operation and rugged construc- 
tion of KLIXON Controls make them especially suited for 
uses such as this. 

Here’s what Jordan Heiman, Superintendent of Research 
for International, has to say about these KLIXON Controls: 

“In designing domestic warm air heating equipment, we find 
our limit applications generally require controls which operate 
consistently at high temperatures with electricai loads varying 
from millivolt circuits to high voltage. KLIXON Controls have 
most often met our specifications.” 

Designers and manufacturers who seek dependable, 
trouble-free performance in temperature controls are turning L y xO 
more and more to KLIXON. A wide variety of open and ®) 
hermetically sealed types of KLIXON Controls are available 








METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3203 FOREST STREET, ATTLEBORO, MASS. 
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000:1. Up to 306 standard output | 
speeds are available by varying 
the speed of basic motor. Gear- 


reduced motors are supplied with 
induction or hysteresis rotors. The 
former produces up to 3.5 oz-in. 
of torque; the latter, operating at 
synchronous speed, produces up to 
.2 oz-in. torque. Motors are 1.675 
in. in diameter and up to 4.5 in. 
long. Globe Industries Inc., 1784 
Stanley Ave., Dayton, O. 

Circle 740 on page 19 


Check Valve 


aluminum unit 
for 3000-psi service 


MS-approved, %4-in. aluminum al- 
loy check valve for 3000-psi serv- 
ice in aircraft applications, has a 


55 per cent weight saving over 
| In the oil fields... 

+ on pipe lines . . cin your / 
me 
3 BRIDGEPOR Ty PA 7 metering of various liquids 
f Pat PEND i | | calls for accuracy, you'll find 


3000 Ps 3 it a Manzel. Adjustable from 
ee gee 0 to 1 gallon per minute. 


Experienced field engineers 


available for consultation 


steel check valves. The cone-type | 
valve has a rated flow capacity | 
from 1.2 to 29.0 gpm and ambient 
temperature range from —65 to 
160 F. Aircraft Products Co., Tact- 
air Valve Div., 300 Church Rd., 
Bridgeport, Pa. 

Circle 741 on page 19 


Miniature Capacitors VA 
perform at 200 C 


LUBRICATORS ‘ CHEMICAL FEEDERS : naw os 
without derating | SLU UmMPS | 








Metallized Teflon capacitors have 

high performance characteristics Pes 

at elevated temperatures. Typical | i Pema mei 
performance characteristics at 

200 C include: Power factor less 

than 0.0005; insulation resistance 

greater than 10° ohms; capacitance 

change of 1 per cent over repeated 

temperature cyclings from —55 to 


Meudaslla I vcl 14 az. 
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TRANSMISSIBILITY 


Tonic ees 
24 60 12 24 36 48 60 12 24 36 48 60 12 24 
FREQUENCY-CPS FREQUENCY-CPS FREQUENCY.CPS FREQUENCY-CPS 


Gives shock and vibration isolation where 
MIL-spec mounts won't work 


in every attitude of flight or launching 7 a gh “os oo 
: + ah. : : arry Mounts 
under sustained high-g acceleration uety euk Gramh a 


at high amplitudes of vibration input attitudes. Data Sheet 
during severe shock conditions 97-02 gives detailed 


. ‘ . . specifications. Write 
at high vibration frequencies now for your copy. 





ALL-ANGL BARRY MOUuNnrTS are meeting the tougher requirements for 
shock and vibration isolation in such high-performance aircraft and 
missiles as North American Aviation’s F-100 Super Sabre, Convair’s 
supersonic F-102A, Martin’s MATADor, and in others still classified 
top secret — giving reliability protection where failure cannot be 
tolerated. “Only ALL-ANGL Barry Mounts gave effective isolation . . .” 
is the way their performance in one of today’s hottest fighters is described. 


When your problem is protection under the tough, complex require- 
ments of jet and missile flight, your answer is ALL-ANGL Barry Mounts. 
For recommendations, call your nearest Barry Sales Representative. 


Barry's new Western Division, in Burbank, California, 
| offers fast, on-the-spot design and prototype | 
service, and production of special systems. 


omen, mm ack Se 


INCORPORATED 


722 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS 
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200 C; low dielectric absorption; 
and self-healing properties which 
show no performance deterioration 
under 1000 hr load-life at 200 C 
and 140 per cent rated voltage. 
Units are hermetically sealed in 
metal cans. Baleo Research Labora- 
tories, 49-53 Edison Place, Newark, 
N. J. 

Circle 742 on page 19 


Subminiature Terminals 
are Teflon insulated 


Four stand-off and five feed- 
through Trinseel subminiature Tef- 
lon terminals provide capacitances 
ranging from 0.35 to 0.75 with 
flash-over points of better than 
500 v ac. Service ratings include 


60 cps to 30,000 mc frequencies, 
temperature range of -—450 to 
500 F. Sizes range from 0.148 to 
0.218-in. in diameter, with 0.040-in. 
diam pins. Terminal characteristics 
are based on TSI Teflon, an elec- 
tronic grade fluorocarbon. The 
one-piece terminals allow rapid in- 
stallation. Tri-Point Plastics Inc., 
Electronics Div., 175-177 I. U. Wil- 
lets Rd., Albertson, L. I., N. Y. 
Circle 743 on page 19 


Ball Joint 


resists over 
250 lb of force 


Type EC ball joint has ball socket 
located in the same unit as the 
cross-drilled hole to provide added 


wall thickness. Ball stud with a 
short neck enables more than 250 
lb of force to be applied on the 
unit. Swivel construction is as- 
sembled with grease-resistant neo- 
prene washer to cushion movement 
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USING 


DU PONT ELASTOMERS 


Tame k-¥-grena’ 


Neoprene boot and seal help simplify design 
of new helicopter’s rotor system 





Hypalon*-coated 
convertible tops resist 
sunlight, weathering, 
discoloration 


Longer service life and far easier mainte- 
nance are the advantages of HYPALON- 
coated convertible tops. Coatings of this 
new Du Pont synthetic rubber resist 
weathering . . . stay flexible at tempera- 
ture extremes. They permit a wide vari- 
ety of colors for the tops, too. HYPALON 
can be compounded in a complete range 
of durable, light-stable colors that stay 
bright for years. 

These tops don’t soil readily, but when 
they do, they’re easily cleaned with soap 
and water, The reason: HYPALON doesn’t 
depend on plasticizers for flexibility ... 
So no sticky plasticizer oozes to the sur- 
face in hot weather to pick up dirt. 

This is just one of many commercial 
applications of HyPALON. Other prod- 
ucts, such as conveyor belts, take ad- 
vantage of the heat resistance of HYPALON. 
It withstands hardening at elevated tem- 
peratures (250°-350°F.). And hose resists 
strong oxidizing chemicals . . . jacketing 
for wire is practically ozoneproof.. . 
when made with HyPALon, From coat- 
ings to molded parts, HYPALON offers 
you properties that assure extra-long 
service under extreme exposure condi- 
tions, Why not get full details? Just mail 
the coupon below. 


RAISING AND LOWERING of the convertible 
top produces no cracks in the durable HY- 
PALON coating. It resists flex cracking .. . 
stays flexible and firm despite years of 
outdoor exposure. 
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NEOPRENE SPECIFIED FOR 
RESISTANCE TO OIL, WEATHER- 
ING, TEMPERATURE EXTREMES 


A step forward in helicopter design is 
achieved by a new rotor system which has 
some 1,200 fewer parts than contemporary 
designs. Doman Helicopters, Inc., Danbury, 
Conn., claims that maintenance time is 
slashed by 75%. As many as eight man- 
hours of maintenance for each flight hour 
have previously been required. 

The unique feature of the helicopter is 
that its rotor hub can be tilted in any direc- 
tion. To make the hub tiltable, the designer 
had to have a flexible housing for the rotor 
control mechanism. He specified neoprene. 
The upper part of the housing is a neoprene 
bellows, which serves not only as an en- 
closure, but also as an annular universal 
joint through which the control mechanism 
is driven. The bellows has a 14-inch wall 
thickness and is designed for torsional rigid- 
ity and vertical flexibility. Lower part of the 
housing is a three-sleeve labyrinth oil seal 
also made of neoprene. 

Neoprene was chosen for its combination 
of properties. On the outside, the housing 
needs neoprene’s resistance to sun, weather 
and ozone, On the inside, the housing mate- 
rial must withstand the hot oil (225°F.) that 


NEOPRENE BELLOWS permits entire rotating 
hub of helicopter to be tilted in any direction 
.. provides protection in all positions. Neo- 
prene labyrinth oil seal bellows eliminates 
multiple grease fittings. 


bathes the entire rotor control mechanism. 
This oil-bath lubrication system has some 
advantages of its own. It has eliminated 
grease fittings and has simplified mainte- 
nance. The manufacturer says mechanics 
can peel back the bellows and seal and dis- 
mantle the gears and drive shaft within 20 
minutes, 
MANY DESIGNERS have found neoprene the 
ideal answer for a resilient material that 
must resist flame, flex cracking, chemicals 
... or any of the many exposure conditions 
that an ordinary rubber product cannot 
withstand. Why not get all the facts about 
neoprene? Just mail coupon below for com- 
plete information. 


HYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc.) 
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BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 





() Lam particularly interested in 





() Please add my name to the mailing list for yourfree publication “The 


Du Pont Elastomers.” 


Name 
E.1.du Pont de Nemours &Co.(Inc.) — Fipyy 


Position 








Elastomer Chemicals Dept. MD-3 
Wilmington 98, Delaware City 


Address 





















BY\ANY STANDARD... 


ADEL Refinements assure Plus 
Performance for Your Equipment 


Designers and Engineers 
have set these standards for 
Industrial Hydraulic Equipment 


Rugged simplicity * Long life * Simplification 
of piping * Reduced installation costs * Greater 
ibility for maint * Completeness 
of line * Over-all economy 


ADEL brings them all to you! 


Smooth economical hydraulic power 
for Pushing, Pulling, Lifting, 
Pressing, Clamping and Controlling. 





Illustrated are but a few of a wide variety 
of ADEL industrial hydraulic control 
equipment that offer definite benefits to 
both the user and builder of machine tools 
and many other kinds of equipment. 
ADEL products incorporate proven 
design and precision construction features 
that assure dependable operating 
efficiency over the years. A complete 
line for every application. 
You can simplify your Hydraulic Power 








For complete engineering 
specifications and counsel, 
Address : 

ADEL PRECISION PRODUCTS, 
10771 Van Owen Street, 
Burbank, California 


















cr 
! 
' 
' NEW YORK - 
1 Power Drives, Inc. 
Buffalo, New York 
' Tri-State Supply Company 
1 : Brooklyn 33, New York 
ue OHIO - 
Scott Equipment & 
{ : enemeoring Sempeny 
t Dayton 10, Ohio 
Wyatt Sales pemeeny 
t NER Cleveland 15, Ohio 
. OREGON - 
BURBANK, CALIFORNIA * HUNTINGTON, WEST VIRGINIA fae lop g ah Company 
Manufacturers of | MARINE & INDUSTRIAL PENNSYLVANIA - - 
HYDRAULIC CONTROL EQUIPMENT Frank T. Donnelly Company 
So Pittsburgh 38, Pennsylvania 
DISTRIBUTORS: INDIANA - RHODE ISLAND - 
ARIZONA + The Neff t eagnons Co. Lincoin Supply Company 
Alr-Draulics Sunpany Fort Wa Indiana Pawtucket, Rhode Isiand 
omit. MICHIGAN - TEXAS + 
industrial Air & Hydraulic Air-Draulic Equipment Com 
jew ww thy gt te & Supply Co. ‘quipmen y Houston, Texas na sitiad 
Detroit 15, Michigan UTAH: 
a Engineering & Supply Co. = Robert Taylor & Sons 
San Francisco 3, California athe +2 Company Salt Lake City 10, Utah 
cut « St. Houl _ WASHINGTON + 
Alr& Mom ~~ od Co. L. H. Monsee: 
New Haven, Connectic Independence, Missouri oa ENecningten & Supply Co. 
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and maintain proper tension. Spring 
clip allows rapid adjustment over 
great length. Nut, lockwasher 
and spring clip are permanently 
assembled on the unit. Present 
applications include use in auto- 
matic transmissions, heating, ven- 
tilating and air control. J. J. 
Tourek Mfg. Co., 1901 S. Kilbourn 
Ave., Chicago 23, IIl. 
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Delay Cable 


has low losses and 
good transmission fidelity 


Type HH-1600 delay cable is built 
around a flexible, low-loss magnet- 
ic core which provides very high 
unit delay with low losses and 
good transmission fidelity. Delay is 
1.0 microsecond per ft, impedance, 
1700 ohms, and insertion loss, 0.3 





inner conductor 


db for a delay of 1.0 microsecond. 
Operating temperature range is 
from —40 to 85 C. Cable has a 
diameter of 0.28-in. and is very 
flexible. It is useful in complex 
electronic equipment and in color 
TV receivers. Cable is furnished 
in calibrated lengths as calibrated 
delay lines, with molded vinyl end- 
caps, with delays from a fraction 
of 1 to 100 microseconds, or as 
bulk cable. Columbia Technical 
Corp., 61-02 31st Ave., Woodside 
Ti, N. %. 
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Galvanizing Treatment 


is applied to any 
clean metal surface 


Galvoplate treatment for cold gal- 
vanizing is a metallic coating of 
95 per cent pure zinc base. Com- 
bining with the base metal, it sets 
up electrical continuity, offers 
cathodic protection and can be ap- 
plied with either a brush or spray 
gun to any clean metal surface. 
No special pretreatment is re- 
quired. It can also be used to ar- 
rest corrosion already started. The 
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Design “Low Cost” : LUBRIKIT. An art 
ment o oil cu 

g aa pene — 
. records show these oilers 

are most used for replace- 

Into YO U R Eq U ; o m ent ment and maintenance. 
Contents of each separate 
bin are clearly described 


on Inside Cover. — =~ 
Special Introductory Price ( / 
Just $1425 F.0.B. Factory / 3 
Satisfaction or your money back E> e/4 
a So me P. = 


World's Largest Selection % 











SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 


This oil gauge plug permits in-~ 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 


Shut-off knob does not affect ———- tapped hole. A val- 
uable addition to any such 


needle valve adjustment. Visi- equipment —at very low cost 
ble oil supply. Non-breakable. Style BW—No. 4042. 

Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 





4-Tube Clips 








Double Clips — Wing Type 





SIGHT GAUGES Don’t price yourself out of the mar- 
ket. When you design proper lubri- 
GRAVITY gil flow must be reg- cation into your equipment, specify 
FEED vlated to suit changing GITS Lubricating Devices—the wid- 
MULTIPLE {i eterno : comditiouis est selection available anywhere. 
OILERS a NVeeddes The items pictured above are only a 
F4 :- _ few of our many thousands of lubri- 

{i 


For use where rate of 


HF 


: 1 
Ej f Ps Sale cating devices. At the design stage, 
Ma extreme! | get the GITS story. Free Engineering 
accura . _ Service. Send NOW for your free 
; | Catalog. 


adjustment 

A of oil feed. 
Sight glass provides 

atk chaemtiiicn, ie G1tTs BRoSs.Mrs. Co. 
rate of oil flow. Accu- The Standard For Industry For Almost Half A Century 


1868-C South Kilbourn Avenve 
Chicago 23, Illinois 











Clip this poge for handy “rough reference”) 
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Cut Hydraulic Flow Resistance... 
Specify HY DRALUSTER 
the Only “rifle-barrel” Tubing 





AXIOM: The smoother the surface, the less 
resistance offered. And here you sce the inside of 
a section of HYDRALUSTER tubing . . . photographic 
proof of a super-smooth surface. 

Hydraluster is a cold-reduced, carbon steel tube for 
hydraulic and diesel application. Its exclusive finish 
is the reason that systems using Hydraluster are 
developing the highest rates of power efficiency and 
reaction time. 

Hydraluster has other advantages to offer the Orig- 
inal Equipment Manufacturer. Hydraluster is highly 
resistant to oxidation, even under the conditions im- 
posed by the newest, high-speed fluids. The result is 





greatly improved maintenance records. And the bright 
exterior finish of the tubing adds to the appearance 
and sales appeal of precision machinery. 

Produced in standard hydraulic sizes, Hydraluster 
is a premium tube sold at standard hydraulic tubing 
prices. 





SAMPLES and SPECIFICATIONS: Make the 
‘rifle-barrel’’ test yourself. Your name on a com- 
pany letterhead will bring specifications, litera- 
ture and a sample of Hydraluster by return mail. 











Tubing Company Division-Columbia Steel & Shafting Co. 


PITTSBURGH 30, PA. 


District Offices: 


Dayton °* Hartford ° Los Angeles 
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Philadelphia ° 


DEPT. NO. 30-12 


Cleveland 
San Francisco 


Chicago ° 
Milwaukee ° 


Buffalo ° Chattanooga e 


Pittsburgh ° 





MACHINE DESIGN 





New Parts 





material provides a smooth, hard 
surface that is abrasion-resistant 
and fiexible. It makes an excel- 
lent base for decorative finishes, 
and any size product can be treat- 
ed. Danton Corp., 339 Auburn St., 
Auburndale 66, Mass. 

Circle 746 on page 19 


Miniature Clutch 


in wide range of sizes 
has positive drive 





Reliance miniature clutch makes 
possible the positive engagement 
or disengagement of any or all 
parts of power transmission drive 
installations, such as tachometer 


| 


or counter drives. It is equipped 

with positive drive, rather than 

depending on friction to hold it 

secure. Several models are avail- 

able, each with end fittings de- M 

signed for insertion at any point 

in power transmission installa- 

tions. Barbour-Stockwell Co., Cam- 

bridge, Mass. BARBER-GREENE Depends on 

Circle 747 on page 19 aldor Streamcooled Motor 

to Power its Asphalt Batch 


Solenoid Valve Plants & Belt Conveyors! 


is rated to 300 psi and Despite the most torturous use, plus 
the constant hazard of dust and dirt, 

Baldor Streamcooled Motors keep 
Type AR solenoid valve with full- famous Barber-Greene equipment 
port capacity automatically con- operating at top efficiency, 
trols water, brine, solvents, gas day after day. 


4 This kind of superior performance has 
earned Baldor an enviable reputation 

among many outstanding 

heavy equipment manufacturers. 


has full-port capacity 


If you have a power problem that 
demands the utmost in motor 
performance, perhaps Baldor 

can help you, too! 


Find out why you get more with Baldor i 
—write for FREE color catalog! 


and air. Having a tight shut-off | BALDOR ELECTRIC COMPANY 


when solenoid is energized, valve 4353 Duncan Ave. St. Lovis 10, Missouri 
is also suitable for control of vac- Over 400 Authorized Sales & Service Distributors in U.S. A. 


uum lines, Cast of high-pressure 


i District Offices: Atlanta e Chicago « Cincinnati « Cleveland « Dallas « Des Moines « Detroit + Indianapolis 
valve bronze it has screwed ends Litchfield, Conn. « Los Angeles » Milwaukee « Minneapolis « New Orleans « New York  N. Kansas City, Mo. 
(Continued on Page 210) Oakland « Philadelphia « Portland, Ore. 
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Reynolds can paint entire parts a solid 
color, mask and paint or do paint filling in 
| combination with mechanical finishing to 
| supply practically any desired texture or 
E highlighting effect. 





Pe 
* 


Part of a battery of new high speed buffing 
equipment available at Reynolds. Scratch- 
brushing, satin finishing, highlighting, 
ambossing and other mechanical finishes 


are also available. 





Alodine system at Reynolds is adaptable 
to immersion, spray or brush type finish- 
ing. Etching, brightening and other chem- 
ical finish treatments are also available at 
Reynolds. 


for greater design freedom 
and finer “‘finished’’ aluminum products 
...use the new, vastly expanded 


REYNOLDS 





FINISHING 
FACILITIES 











For the magic touch of gleaming clear and 
color anodized finishes— and for many types 
of mechanical, chemical and paint film 
finishes— you can depend on finishes from 
Reynolds to add sales appeal and value to 
the aluminum products you design. 
Reynolds multi-million dollar investment 
in finishing equipment —some of this equip- 
ment illustrated on these pages — assures you 
the finest aluminum finishing facilities avail- 
able anywhere. These recently expanded 
facilities permit new and greater flexibility 


in your design thinking. And these facilities 
are backed by Reynolds years of technical 
experience with practically every finishing 
process and technique applicable to alumi- 
num plus Reynolds quality control from mine 
to finished part. 

For full details on the finishing and fabri- 
cating facilities available, call the Reynolds 
Office listed under “Aluminum” in your 
classified telephone directory or write 
Reynolds Aluminum Fabricating Service, 
2061 South Ninth Street, Louisville 1, Ky. 


See ‘CIRCUS BOY”’, Reynolds new dramatic series, Sundays on NBC-TV 


REYNOLDS @8 ALUMINUM 
FABRICATING SERVICE 
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MACHINE DESIGN 





























This new Reynolds automatic aluminum finishing system can handle 
mixed sizes and types of parts and chemically brighten or anodize 
them in different colors—and can handle several different jobs at 
the same time. An automatic coding system establishes the in- 
dividual finishing specifications for each job. 


’ 


This new Reynolds anodizing installation can handle parts ranging 
from the smallest up to those 24’ long, 12’ high and 4’ wide. This 
half-block long system is another new addition to Reynolds multi- 
million dollar finishing facilities investment. 


are made with 


BLANKING - BRAZING - DRAWING - EMBOSSING REYN i LDS ora) ALU M | N U M 


FINISHING - FORMING - RIVETING 


ROLL SHAPING - TUBE BENDING - WELDING 
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This famous saying by one of America’s leading re- 
search engineers is the key to much of today’s design 
progress. Sometimes all it takes is the right twist—in 
Wire. Here are a few specific examples from ‘Wire 


Goods Headquarters” .. . 


This simple twist saved 
$1,530.00 in one year 
Manufacturer's wire motor 
mount design called for 26 bends 
in a 28”-long wire .. . almost 
impossible to hold tolerances. 
Titchener suggested simplified 
design at right: a ring, 4 support 
wires, 4 welds—that's all. 
Estimated saving 10.2c per piece. 


This simple twist 

saved 75¢ per unit 

By combining a motor mount 
and fan pane in one wire-and- 
strip assembly, Titchener elimi- 
nated expensive pipe frame-work 
and heavy stampings, reduced 
noise level, and saved 75c per 
unit over the former design. 


This simple twist 

cut weight in half 

Extinguisher wall bracket rede- 
signed by Titchener eliminates 
16 rivets and 3 stampings. Im- 
proved design is stronger, more 
serviceable—weighs half as much 
—gives substantial savings in 
manufacturing and material 
costs. 


Wire construction and design assistance by Titchener may be 
able to solve your cost problem, whatever your product. 


Our engineers will be glad to hel 


send prints or samples. No cost or ob 


and recommendatious. 


Free Case History Booklet. Shows before-and-after 
illustrations of 36 products and parts which have 
been redesigned in wire. Gives specific cost savings 
and product improvements accomplished. This 
booklet can be a storehouse of tips and ideas for 


design and purchasing men. 











if 





you find out. Merely 
gation for our analysis 


Beem EHTitchenersCo. 


61 Clinton St., Binghamton, N. Y. 


210 Circle 518 on page 19 
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and is available in sizes from 1% 
to 3 in. with pressure ratings to 
300 psi. In opening, a quick-act- 
ing spring insures positive action. 
In high-pressure applications, line 
pressure assists spring in providing 
instantaneous opening. Removable 
operating assembly permits quick 
disassembly for inspection without 
disturbing fluid or electrical lines. 
Magnatrol Valve Corp., 73 Fifth 
Ave., Hawthorne, N. J. 

Circle 748 on page 19 


Satelock Receptacles 


for outdoor 
weatherproof service 


Safelock receptacles in cast con- 
dulet housings are suitable for all 
outdoor extension-cord sets for 
lamps, drills and tools. Cord set 
caps are securely locked in posi- 


Per 


BA 





DEENERGIZED 


tion and cannot be removed until 
release lever is manually tripped, 
automatically de-energizing sock- 
ets. Heavy-duty, waterproof, 
sealed mercury switch contactors 
assure high current-carrying ca- 
pacity. Industrial Automation 
Corp., 2415 W. Montrose Ave., Chi- 
cago, Ill. 

Circle 749 on page 19 


Floating Anchor Nut 


is fuel-resistant 
and self-sealing 


F 1968 fuel-resistant, self-sealing 
floating anchor nut is for use in 
fuel tanks, pressurized cabins, 
cockpits and other areas where 
positive sealing against gases and 
liquids is required. It contains an 
integrally molded rubber seal 
which provides tolerance-free seal- 
ing and resists aircraft fuels, oil, 
salt water and most organic sol- 
vents. Temperature range of the 
seal is —80 to 225 F. Nut ele- 
ment floats independently of seal 
to accommodate misalignment in 


Circle 519 on page 19-> 
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THEACOMPLETE MACHINE TOOL RELAY 


A NEWER, FINER ADVANCED-DESIGN COMPONENT THAT 
DOES MORE DIFFERENT TYPES OF JOBS ... BETTER! 


PLUG-IN 
RECEPTACLE 








LATCHING 
J ATTACHMENT 


Check these features for 
ADAPTABILITY — 


CONTACTS QUICKLY CONVERTIBLE . . . from normally-open 
to normally-closed, no tools needed. No loose parts. Exclu- 
sive center positioning device guards against contact dam- 
age while converting. 

OPTIONAL LATCHING ATTACHMENT .. . another A-H exclu- 
sive, allows quick conversion of contactor to latching type. 
This attachment is quickly changed from latch-in to latch- 
out operation or latched-in and out. 

PLUG-IN/SCREW-TYPE TERMINALS . . . can be used for plug-in 
and screw-type as desired 

MOST COMPLETE LINE AVAILABLE . . . Removal of Terminal 
Screws from Standard Relays converts use to plug-in re- 
lays. In 2, 3, 4, 6 or 8 poles . . . in IMP (Interchangable 
Pole) or FMP (Fixed Pole) types. The BASIC RELAY is suit- 
able for use by itself. 


FAST, EASY INSTALLATION and 
SIMPLE MAINTENANCE — 


OPTIONAL PLUG-IN RECEPTACLE . . . minimizes down-time 
on high-output machines, since entire contactor unit can be 
replaced in minutes without Te wiring. 

EXCLUSIVE FRONTAL SWING-OUT .. . permits fast, easy re- 
moval of entire coil. 

EXPOSABLE MAGNET POLE FACES . . . for inspection or 
cleaning. 

SELF-CONTAINED CONTACT CAGE .. . with no loose springs, 
screws or other parts to get lost. 

MORE COMPACT SIZE .. . allows easy location, leaves more 
space for easier wiring. 

SEPARATE TERMINALS for CONTROL CIRCUITS AND COILS 
. . . without using extra poles. 


EFFICIENT, DEPENDABLE OPERATION — 


ALL CURRENT-CARRYING PARTS SILVER PLATED . . . for 

highest capacity and minimum heating. 

FRICTION-FREE, DUST-RESISTANT OPERATING MECHANISM 
. with positive, fail-safe action. 

ABSOLUTE ALIGNMENT OF PLUG-IN PRONGS ... insured by 

combined receptacle and mounting plate. 

CONTACTS and GUIDING FRAMES . . . of special heat-tem 

pered materials to minimize wear and assure smooth action. 

HIGH-EFFICIENCY SOLENOID MAGNET and MOLDED, LOW- 

WATTAGE COILS. 


PLEASE TURN THE PAGE FOR ADDITIONAL INFORMATION 















Greatest Versatility 


ever offered in a 
SINGLE RELAY DESIGN! 






MOVABLE 
CONTACT 


a an 


INSERTION 
POSITIONS 













Available EASIEST CONTACT b 


¢ in AC and DC t CONVERTIBILITY — 
— No tools needed — No loose 


parts to get lost. 


¢ with 2, 3, 4, 6 or 8 poles 

¢ SIZE 00 (10 Amp) or SIZE 0 (15 Amp) 

¢ IMP (Convertible and Renewable) Type 
or FMP (Fixed and Renewable) Type 

¢ with Optional Plug-In Receptacle— 
Type IMP-100 Series 

¢ with Optional Latching Attachment — 
Cat. #IMP-11 (Specify Coil Voltage) 


COMPARATIVE WIDTHS 






























































wie 4-POLE and 8-POLE RELAY with OPTIONAL 
ie 2 PLUG-IN RECEPTACLE and LATCHING ATTACHMENT 
4- POLE—+| v 
‘cites -POLE——_——+} INTERCHANGEABLE MULTI-POLE RELAYS FASTEST COIL 
| ESSIBILITY — 
No Other Relay | Size 00| Size 0 Appli- Appli- fo oate aaponal 2 screws, swing to 
Offers This Versa- 10 Amp | 15 Amp cable cable to f t d lift ut! 
tility In 2, 3,4, | in Field | Standard ront and ujt out. 
—_ 6 and 8 Poles Relay 
Relay—Type IMP sisi 
CONVERTIBLE and 
RENEWABLE 
Contacts X X 
a Relay—Type FMP 
Z FIXED and RENEW 
5X6! ‘| ABLE Contacts X X 
he pata One for both xX | xX 
| — —t- 
Optional Latching | 
Attach One for both , xX 
mee 0 HANDIEST LATCHING 
ATTACHMENT — 
i No. of Poles 2to 4 6 8 Quickly converts any of these con- 
_ ‘dth 2 nas : tactors to latching type — attach- 
— ’ ~ 6 ment simply converted in the field 




















— latch-in, latch-out, latched 
Receptacle adds 214” to height and %” to depth. both aera eee oat _ 


Latch adds 14” to height. 





| i 
fe ' 





the ultimate in— 
SAFETY — ALWAYS-VISIBLE CONTACTS ee opera- 





oh . tor constant visual assurance of safety. EASY-TO-SEE 
laws SA ee ian eco 
vy YY “Open” positions. fs 2 preven ,open- 

TYPE “RAD ing door until le is purposely turned to “Open” 
DOOR tion. LINE COVER prevents accidental contact with live 

wires. 

MINIMUM MAINTENANCE — RUGGED, BUTT-TYPE 
DISCONNECTS SILVER CADMIUM OXIDE CONTACTS provide high- 
MEET JIC est possible weld resistance. CONTACTS EASILY RE- 
PLACEABLE without disturbing wiring. DISCONNECT 








EASY INSTALLATION — Both 30 and 60 amp sizes have 
Pie gma seep 8 RE DR AN US page eta RI RS ME EME Ep 2 identical mounting dimensions, making standardization 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY easy. Mounting requires only 3 small holes and 2 screws. 
sab heathen: Seen Meatiads 4 Osemntion Easy-locating fea ture for hole location. Three adjustable 


MOTOR CONTROL DIVISION 
Please send me complete engineering data on: 
0 A-H Type “IMP” and “FMP” Contactors 


| 
| 
! 
Me... | ARROW HART 
| 
| 
| 
| 
| 


operating shafts take care of variations in panel depth. 














POSITION yt 1890 


COMPANY 
CO. ADDRESS 
WIRING DEVICES » MOTOR CONTROLS + ENCLOSED SWITCHES + APPLIANCE SWITCHES 


CITY. ZONE STATE 

















ea ole ar wee 











assemblies. Rigid construction | 


provides increased resistance 
against deflection under push-out 
conditions and assures a tight, con- 





tinuous seal against gas and liquid 
pressures encountered in aircraft 
applications (--14 to 50 psi). 
Push-out and general strength 
values exceed military specifica- 
tion requirements. Kaynar Co., 
Kaylock Div., Box 2001, Terminal 
Annex, Los Angeles 54, Calif. 
Circle 750 on page 19 


Proximity Pickup 


for counting purposes 
has detachable cable 


Model 4920-AN hollow coil proxi- 
mity pickup, designed for use with 
Electro proximity transducer sys- 
tems, is well suited for counting 
small metal parts such as screws, 
nuts, washers and bolts. It utilizes 
a hollow phenolic table around 





which sensing coil is wound. As a 
high-frequency, carrier-operated 
transducer, it senses aluminum, 
brass, copper, iron and steel. Coil, 
connected by a cable to a control 
unit, causes the control unit to 
generate dc voltages or operate 
relays. Pickup is available in 15 
sizes from 14 to over 3 in. in diam- 
eter. Electro Products Laborato- 
ries Inc., 4500 Ravenswood Ave., 
Chicago 40, IIl. 

Circle 751 on page 19 


Pickup Control Unit 


operates at 10 cps and 
has ac plug at output 


Model 4901-RAC proximity-pickup | 


control unit permits the use of a 

standard electricai plug rather 

than a microphone connector at the 
(Continued on Page 216) 
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AUTOMATION WITH AIR POWER 







This Work Feeder, with the aid of a Mead- 
matic Timer and Drill Press Feed, transforms 
an ordinary drill press into an automatic ma- 
chine to drill twin holes in Chain saw links. 
Operator merely keeps the vertical 
\ hopper loaded—the machine delivers 
\. them to the drills, holds them firmly 
7 and ejects them when finished. 
. Material is tough alloy steel, 
ranging in thickness from 1" to 
1/4". Hole spacing is held to 
.0005” by bushings mounted in 
plate with micro adjustment. 
Production is 600 to 900 per 
hour, depending on thickness. 














D seas Write for free illustrated 
booklet of 44 “Examples in 
Air Power Automation”. 


CAN HELP YOU Ug 
cur costs §W) 
/ 


Now: 


MEAD SPECIALTIES COMPANY 
4114 N. Knox Ave., Department MD-37, Chicago 41, Illinois 


PATHFINDER IN AIR POWER AUTOMATION 
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the one name for all 
‘eal-cedah-Valcer-tme £-Uar-feolk-me-sek-7-Teok 


r REEVES 
Vari-Speed 
Mootodrive 


REEVES 
Vari-Speed, 
Motor Pulley 


REEVES 
Variable Speed 
Transmission 





MACHINE DESIGN 





@ The complete line in the indus- 
try is REEVES... adjustable speed 
drives and speed control for ap- 
plications from ¥% to 87 hp! The 
proven name is REEVES . . . years of trouble-free 
service in hundreds of thousands of installa- 
tions—every industry! The original variable 
speed drive, REEVES is still the leader in its field! 


Incorporate variable speed into the machines 
you design: widen the work range of the ma- 
chines; insure your designs against early obso- 
lescence; add the many operating advantages 
of accurate, instant speed control. Your REEVES 
representative—with wide and varied experi- 
ence—will be glad to work with you for the 
best application . . . best results! 





REEVES Flexi-Speed ® 


Two sets of adjustable discs with conven- 
fent shifting mechanism. Provides flexi- 
bility, economy to your equipment... 
easy to install. Y2, % and 1 hp. with 
8:1 speed ratio. 


REEVES Jr. Motor Pulley 


Simplest form of variable speed control. 
5 sizes from Ve to 12 hp. capacity... 
ratios up to 2.75:1 in a speed range from 
135 to 1965 rpm. Standard or counter- 
shaft bases for standard motors. 


REEVES Vari-Spin® 

A mill tested and proved unit to increase 
spinning efficiency and frame flexibility. 
500 to 1450 rpm. range. Change speeds 
with spinning frame in operation... get 
required speed—in seconds! 


ee ee ae 


Manual 
Basic REEVES control on all 
units. “Speedial” handwheel, 
extended handwheel, hand 
chain and extended rod con- 
trols also available. 


*Mechanical Automatic 
For Motodrive, Transmission. 
Simplest automatic control— 
requires shifting force suffi- 
cient to position control lever 
of speed changing mechanism. 


Automatic (Pneumatic) 


Motodrive application only. 
Cam-compensated design 
controls output speeds in direct 
proportion to instrument air 
signals. 


Electric Remote 
Push-button stations for single 
unit or battery of Motodrives, 
Transmissions or Motor Pulleys. 
AC or DC... full range of 
current characteristics. 


*Also available in hydraulic or pneumatic type. 


Individual bulletins—complete with rating tables and 
dimensions—are available for any of the above products 
by writing Reeves, Dept. H-26b, Columbus, Indiana. 


Your Reeves representative will be glad to work di- 
rectly with you. He’s as near as your telephone... 
regional offices in 34 principal cities. 


REEVES PULLEY COMPANY 
DIVISION OF RELIANCE -héittiieiee 


COLUMBUS, INDIANA 
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DURAKOOL | = 

(Continued from Page 213) 
Tilt Switches output. Output is wired for 115 v 
ac to 60 w through an internal re- 
are th e Lif e of your lay. Relay is a single-pole, double- 
throw type with contacts rated at 
A * C | 5 amp, 115 v ac, noninductive, and 
utoma tic ontr 0 S operates at speeds to 600 opera- 
tions per minute. Control unit in- 
corporates 3-pin, AN-type input 
This steel-clad Durakool connectors. Enclosed in a vented 
mercury tilt switch has hammerloid cabinet, the unit meas- 
unique construction fea- ures 254 x 45 x 8 in. It can be 
tures that deliver — used as a portable device, enclosed 
of trouble-free pertorm- in a larger cabinet, or can be 
essen ponder mounted and wired in permanent- 
or eeeies Operating under sealed- ly with conduit. Electro Products 
FALTERING in, pressurized hydrogen Laboratories Inc., 4500 N. Ravens- 
gas, it takes 24 hours, fost wood Ave., Chicago 40, Ill. 


cycling schedules in stride. Circle 752 on page 19 
See telephone directory for local distributor, or write. 7 sizes, 1 to 65 amperes 


DURAKOOL, INC. Send for Bulletin 525. : 
ELKHART, INDIANA, U.S.A. wn oe Induction Motors 


700 WESTON RD., TORONTO 9, CANADA from 10 w to 1000 hp 
for aircraft application 

ALL~ STEEL Lightweight induction motors are 

Vv a ERC a a RY for aircraft application where size, 

weight and temperature are limit- 

ing factors. Motor illustrated 

weighs 4.8 lb, is rated 614 hp, 


Tilted Up 
—Off 


Circle 522 on page 19 24,000 rpm, 3 phase, 208 v, 400 
Pe ae cycle. Design features include to- 
tally enclosed, explosionproof con- 





Alten engineers are available for your speed reducer 
problems. Their experience is reflected in thousands 
of Alten engineered reducers now in operation. 
Alten Speed Reducers have heat treated forged steel 
helical or herringbone gears, mounted on anti- 
friction bearings, enclosed in a rugged one piece 
semi-steel case. They have proved their ability to 
take the load reversals, shock pressures and con- 
tinuous unattended operation demanded by the oil struction, air cooling, environment- 
field industry. ihe : eo 

free liquid cooling, and precision 
ball bearings for long life. Avail- 
able in standard or custom models 
for power outputs from 10 w to 
1000 hp, motors can be provided to 
operate from standard, special or 
variable-frequency power supplies. 
Task Corp., 1009 E. Vermont Ave., 
Anaheim, Calif. 


7 


Circle 753 on page 19 


Alten Speed Reducers are now available on a All-Metal Mounting 


nationwide basis for industrial users. Ten basic 
models are suitable for nearly any type base for pressure-ratio 
mounting or drive. Sizes range from 1 h.p. to . 

275 h.p. AVAILABLE FOR IMMEDIATE transmitter unit 


SHIPMENT. Met-L-Flex Model 1323 center-of- 


Complete engineering data—ratios, peak torque, h.p. and < ‘ £ z 
features of Alten’s exclusive designs are yours for the ask- gravity lightweight mounting for 
ing. Why not let Alten solve your speed reduction problems? a pressure-ratio transmitter incor- 


Cut away view show- porates pressure and electrical con- 


bows ae Bs moe nectors as part of the supporting 
«9 ggliaialiaaa structure. Aluminum and ssteel 


voilable. 
nts throughout, it is a permanent-type 
Designers and Builders of Equipment for Industry end macro We at WORKS, WC . mounting unaffected by adverse 
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how Vacuum Metals’ FERROVAC boosts 


ball bearing screw life up to 400%... 


Ball bearing screw assemblies, first used in automobile 
steering mechanisms, are now found in such critical 
applications as the actuation of landing gear and con- 
trol surfaces of aircraft and guided missiles. And it 
was in tough jobs like these that the assemblies failed 
in fatigue. Then a leading manufacturer tried vacuum- 
melted FERROVAC® for the balls — and service life 
rose as much as 400% over the original life. Here’s 
why... 

Vacuum melting improves fatigue properties — It 
literally sucks gaseous impurities — focal points for 
fatigue failure— from the molten metal. Vacuum- 
melted metals are cleaner, purer, tougher. And clean- 


® 


liness means an added bonus in fewer rejects. 
Only Vacuum Metals gives you one-source service — 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, provides a fully integrated 
service from melting and casting through mill rolling 
and nationwide distribution of finished mill products. 
And you can get not only small experimental lots, but 
now, thanks to our new 2500 lb. induction furnace — 
the nation’s largest — you can also get large-scale 
continuous production quantities of vacuum-melted 
metals. If you have an application which these unique 
metals may improve, please write giving full detaiis. 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, P. O. Box 977, Syracuse 
1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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complete series of 


worm gear 
SPEED REDUCERS 














Perfection Worm Gear Speed Reducers by American Stock Gear are 
available with ratios ranging from 5 to 1 to 60 to 1 for input revolutions 
ranging from 300 per minute to 1800 per minute. Speed Reducers may 
be furnished with worm on top or bottom as desired. Integral worm and 
shaft is made of selected quality, case hardened alloy steel. Threads 
are precision ground and accurately mated with worm gear. Shafts 
are mounted in Timken anti-friction roller bearings. Heavy rigid cast iron 
housings... easily accessible oil filling level and drain plugs are pro- 
vided for oil reservoir. Oil seals are of selected cirvis leather which 
assures maximum sealing effect. Available through your nearest Amer- 
ican Stock Gear Distributor. If you don’t know his name, write us. 


Write for 12 page Bulletin No. R-30 listing the 
complete Perfection Series together with tables 
and other important engineering data. 


AMERICAN STOCK GEAR pivision 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS, U.S.A. 
eee 





Circle 525 on page 19 





PERFECTION 


New Parts 





operating conditions. High per- 
centage of inherent damping re- 
sults in the reduction of resonant 
peaks and quick dissipation of 





transient forces. Natural frequency 
is between 6 to 11 cps; amount of 
vibration isolation provided is ap- 
proximately 90 per cent at 40 cps. 
Mounting system is designed in ac- 
cordance with MIL-E-5272A, MIL- 
C-5541 and QQ-P-416. Robinson 
Aviation Inc., Air Terminal, Teter- 
boro, N. J. 

Circle 754 on page 19 


Silicon Diodes 


have recovery time 
under 0.3 microsec 


Fast-switching silicon diodes are 
available in four classes that pro- 
vide recovery ranges from under 
0.3 microsec with a minimum for- 


ward of 5 ma at 1.5 v to 1 micro- 
sec with minimum forward of 100 
ma at 1.5 v. All classes have types 
that operate at 200 v with low in- 
verse leakages. Transitron Elec- 
tronic Corp., Melrose 76, Mass. 
Circle 755 on page 19 


Thermostat Metals 


for instrumentation 
component use 


Two thermostat metals are for 
use in instrumentation components 
such as electric fire detector clocks, 
meteorological devices, pyrometers, 
altimeters, temperature gages and 
demand meters. One of the metals 
possesses a useful deflection range 
of —100 to 700F, with maximum 
sensitivity from 0 to 300 F. It has 
a high deflection rate, high torque 
and good strength properties up to 
800 F. Electrical resistivity is high 
and corrosion resistance good. The 


MACHINE DESIGN 





NATIONAL ACME 


NAP-LOCK 


TRADE MARK 


As illustrated below, National Acme SNAP-LOCK Limit Switches 
employ a basically simple yet positive snap-action lovking mech- 
anism—with extremely few moving parts. Thus wear is reduced 
to a minimum and dependable trouble-free service, far beyond 


normal limits, is assured. 


The double-throw contact lever, connected directly by shaft 
with the latch bar, carries self-wiping coin silver contact points 
to assure quick action make or break—reducing wear ever further, 


Electrical and mechanical sides are separated by a wall within a 
sturdy die-cast housing which is fully insulated and is dust and 
oil resistant. Can also be furnished water- and oil-tight. 


THE ORIGINAL 


SNAP-ACTION 
LOCKING SWITCH 


SNAP-LOCK LIMIT SWITCHES. Made in single- 
pole and double-pole series, in four types: 
Standard, Short Travel, Neutral Position and 
Push Lever. With the exception of the Push Lever 
Switch, all are adaptable to special enclosures 
for hazardous location service and may be used 
with various styles of operating levers. For 
AC or DC service. 


ee 8 8 @8 646 Pe @2 Pe 2 2 - ee 


and now... 
a new design concept for CONTROL STATION SWITCHES 
the heavy-duty... oil, water, dust tight GOLD-N-RING 


made_by machine tool builders to machine tool specifications 


Heavy duty silver-alloy contact points provide max- 
imum electrical capacity, long life. 

Heavy duty terminal screws have ¥%” thread contact 
to prevent stripping during installation and perma- 
nently secure wires for continuous, trouble-free ser- 
vice. 

Single or double-pole contact block assemblies—can 
be used interchangeably with several types of GOLD- 


ELECTRICAL MANUFACTURING 


N-RING push button and selector operator heads. 
Rated for 600 volts—AC or DC. Meets all Joint In- 
dustry C ittee and Nati | Machine Tool Builder’s 
Association requirements. 

Protected against oil and water seepage in operator 
head by Sealtight oil-resistant rubber diaphragm. 
Easily replaces existing switches. 





DIVISION 


the National Acme company 


188 EAST 131st STREET, CLEVELAND 8, OHIO 
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Torque-Arm 
SHAFT-MOUNTED 
SPEED REDUCERS 


Now—15 Sizes 
1 hp to 90 hp 
output speeds 
12 te 378 rpm 


Size 7 Torque-Arm Speed Reducer on agitator in paper mill 


Save Up to 1/3 in Installation 


Easy to install! Mounted directly on the 
driven shaft. Locked at both ends. Dodge 
Torque-Arm Speed Reducer requires no 
foundation, no flexible coupling, no slid- 
ing base, and there’s no lining-up prob- 
lem. Amazing economy is matched by 
efficiency in operation—up to 97%. 
Unit is driven through V-belt drive. 
Stock Taper-Lock Sheaves prescribed 
for each job permit speed ratios re- 


CALL THE TRANSMISSIONEER, your local ~ 
Dodge Distributor. Factory trained by Dodge, 

he can give you valuable assistance on new 
methods. Look for his name under “Power 
Transmission Machinery’ in the yellow pages 

of your phone book—or write us. 
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— Deliver 97% Efficiency! 


quired. Tri-Matic Overload Release and 

backstop available, if desired. Dodge 

Torque-Arm is America’s most complete 

line of shaft-mounted Speed Reducers. 

Ask your Dodge Distributor—or write us. 
e 


DODGE MANUFACTURING CORPORATION 
3300 Union Street, Mishawaka, Indiana 


MACHINE DESIGN 





New Parts and Materials 





other metal has a wide range of 
linear deflections between — 50 and 
700 F. Maximum sensitivity is 200 
to 600 F. It combines high deflec- 
tion rate with high torque. Met- 
als are produced in minimum thick- 
nesses of 0.001-in. and minimum 
widths of 0.093-in., in coils or 
lengths cut to order. American 
Silver Co., 36-07 Prince St., Flush- 
ing 54, N. Y. 

Circle 756 on page 19 


Air Cylinders 


in compact sizes 
for all strokes 


Toolmor air cylinders give a full 
line pressure power thrust with 
heavy hardened steel piston for 
long life. Square and parallel 
sides provide easy tooling installa- 
tion and arrangement, permitting 


mounting with 1/16-in. parallel of 
work. Universal mounting permits 
either horizontal or vertical thrust 
use. Units are available with 
standard, ball, swivel, threaded or 
tool - blank piston ends which 
provide selection of tools in strokes 
from 3<-in. Design provides com- 
pact sizes in all strokes. Burklyn 
Co., 3429 Glendale Blvd., Los An- 
geles 39, Calif. 

Circle 757 on page 19 


Switch 


in any multiple of 
stations from 1 to 37 


Modified Multi-Switch is manufac- 
tured in any multiple of stations 
from 1 to 37. Functions available 
include: interlock, nonlocking, all 
lock, interlock and nonlock com- 
bination, and all lock and nonlock 
combination. Design incorporates 
choice of mounting centers, center- 
to-center distance between buttons 
of %-in., plungers designed to ac- 
cept standard push-on buttons, and 
stock switches mounted on a sep- 
arate plate. Up to four stacks can 
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be operated by each button to pro- 
vide many circuit possibilities. De- 
sign permits ganging of two or 


aos | 


more rows of switches with inter- 
lock action between all buttons. 
Switches have good shock resist- 
ance and are available with illu- 
minated or nonilluminated push- 
buttons. Switchcraft Inc., 1328 
N. Halsted St., Chicago 22, Ill. 


Circle 758 on page 19 


Miniature Delay Relay 


for missiles 
and jet aircraft 


Miniature thermal delay relay 
(left) is a vibration-resistant unit 
specifically designed for applica- 
tions in missiles and jet aircraft. 
Design features include: virtual 


elimination of contact chatter up 
to 1500 cps at 10 g; no resonance 
to 500 cps; good ambient compen- 
sation between — 65 and 85 C with 
operation at higher temperatures 
when necessary; contacts rated for 
i amp at 27.5 v de or 3 amp at 115 
v ac; and rigid construction for 
exceptionally high contact pres- 
sure. Relay is sealed in a metal 
shield and permanently calibrated 
before shipment. Seated height is 
2 in., diameter, 34-in., and weight, 
1 oz max. Thomas A. Edison In- 
dustries, Instrument Div., 51 Lake- 
side Ave., West Orange, N. J. 

Circle 759 on page 19 


Styrene Molding Compound 
is medium-impact type 


Lustrex LHA Natural, a medium- 
impact styrene molding material 


with improved transparency, is for | 


applications requiring more impact 





DODGE 
PRODUCTS 


you should know 


SEALED-LIFE V-BELTS 


LETINS 
ODGE BUL 
you SHOULD HAV 
Air-Grip Clutches clutches Technicel ie 
—— 
Taper-tock 


ye e Roller 
Chain Dodge oe se- 


i ee 
data on 


0 


Write for your copies. 


DODGE MANUFACTURING CORPORATION 
3300 Union Street * Mishawaka, indiana 
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SAVINGS. 
$4.25 


-PER THOUSAND 
over machine method 
cost 


SAVINGS 
$12.35 


PER THOUSAND 


over machine method 
cost 


SAVINGS 
$6.80 


PER THOUSAND 
over machine method' 
cost 


COLD-HEADING 


SAVES YOU MONEY ON JOB-DESIGNED 
SMALL PARTS AND FASTENERS 


Cold-Heading is the most versatile, most economical method 
for producing your fasteners and small parts. These case 


| 


| 


New Parts 





strength than general-purpose sty- 
renes provide, but requiring greater 
clarity than high-impact styrenes 
afford. Many potential applications 
are in the packaging field. Mon- 
santo Chemical Co., Plastics Div., 
Springfield, Mass. 

Circle 760 on page 19 


Engines 
develop up to 137 hp and 
are light and compact 


D 318 and D 315 Series G engines 
are designed for applications 
where space and weight are im- 
portant factors. Reductions in 
size and weight were made pos- 
sible by using a timing gear and 
housing which require half as 
much length as previously, placing 


air cleaner in a new position to 
give shorter, lower engine profile, 
and replacing gasoline starting 
engine with a 24-v direct electric 
starting system. D 318 Series G 
engine (shown) has over-all length 
of about 56 in. It develops 137 hp 
at 2000 rpm; turbocharging in- 
creases this rating to 175 hp. D 315 
Series G engine develops 91.5 hp 
naturally aspirated; 115 hp can be 
obtained by turbocharging. Series 
G engines are suitable for power- 
ing portable welders, crushers, 
pumps, mills and other machines. 
Caterpillar Tractor Co., Peoria, 


histories are typical of thousands of money saving jobs Ill. 
we've done for our customers. May we quote on your re- 
quirements? Write today for the Hassall Catalog. 


John Hassall, Inc.,P.O. Box 2197, Westbury, Long Island,N.Y. 


Hassall ay 


NAILS, RIVETS, SCREWS 
AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 


Circle 761 on page 19 


Solenoid 


delivers 20-lb thrust 
at 100 per cent voltage 


Model K solenoid is available for 
intermittent duty, both in push 
| and pull types. It withstands ex- 
cessive impact shock and delivers 
| 20-lb thrust at 100 per cent volt- 
| age. Design employs a solid cylin- 
| drical slotted plunger to eliminate 
| rivet failure found in conventional 
| solenoids. Heavy-duty, porous 


Vettel! 
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engineering is in this picture 


Which P&B relay would you specify for 
THIS HIGH STARTING TORQUE MOTOR? 


MP SERIES MS SERIES AB SERIES 
Radial Saws by DeWalt, Inc. are used in thousands of home workshops, in lumber yards, 
carpenter shops and industry. The electric motors that operate these saws are a heavy duty, 
single phase, AC, modern capacitor, voltage relay type. They have a high starting torque 
in order to quickly achieve operating speed, even when heavy line loads give lower voltage 
than normal. To avoid arcing and burning during initial current surge, DeWalt needed a 
positive, fast acting relay that would remain in contact until operating speed was reached. 

Their choice? P&B MP series relays! These sturdy relays not only save arcing and burn- 
ing during initial current surge, but are compact, rugged and dependable. Their versatility 
permits use with any capacitor type motor up to 2 horsepower. They can be furnished with 
an alnico magnet if whole snap action is needed. 

This ready solution to DeWalt’s relay problem is an example of how P&B relay engineer- 
ing is daily adapting existing relay types to specific needs. P&B’s unique 25 years of relay 
engineering experience provides an immense reservoir of skill, information and technical 
ability that can help solve your relay problems faster and more efficiently. 








ENGINEERING DATA 


SERIES: MP. Small general purpose 
power relay. 

CONTACTS: %” fine silver rated 25 
amp., 115 V. AC non-inductive load, 
or 2 HP, 115 V. AC. 

CONTACT ARRANGEMENTS: SPST 
NO, SPST NC, SPDT. 

VOLTAGE RANGE: DC: Up to 
220 V. AC: Up to 230 V. 

COIL RESISTANCE: 15,000 ohm 
maximum, 

TEMPERATURE RANGE: DC: — 55° 
C. to + 85°C. AC:—55°C. to +55°C. 

TERMINALS: Standard pierced 
solder lug holes will take No. 10 
hook-up wire. 

ENCLOSURES: Dust cover, 2-59/64” 
L. x 2%” W. x 2-3/32” H. Hermet- 
ically sealed cover dimensicns some 
as above. 

DIMENSIONS: Maximum 2/4" |. x 
1%” W. x 1A" H. 

This relay will normally deliver oa 

minimum of 300,000 operations be- 

fore wear will warrant readjustment. 





P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, ELECTRICAL, AND REFRIGERATOR DISTRIBUTORS 


See our catalog in Sweet's Product Design File 
« 
Potter & Buurdield, une, PRINCETON, INDIANA 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY + Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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A Job 

For A 
TWO-HEADED 

MONSTER 


yp a a 








PLANT SUPERINTENDENT, THE CINCINNATI GEAR CO, 


Some of the men here look on me, I’m 
sure, as a modern Simon Legree with a 
nine-foot bullwhip — which isn’t really a 
true picture at all. In fact, I think I'm 
pretty easy to get along with. : 
But there are times when I think this job of 
plant superintendent calls for someone with 
the attributes and physical characteristics 
of a two-headed monster. To keep track of 
a couple hundred different men, working on 
almost as many different jobs and differ- 
ent machines, all involving a high degree 
of skill and exacting accuracy, requires 
something more than mere attentiveness 
to duty. It means I have to constantly put 
forth an extra effort to do a top-notch job. 


Not that I’m trying to brag about myself; 
my job is tough and sometimes it seems 
thankless, but it has its compensations. 
And one of the most important of these 
compensations is the satisfaction of know- 
ing that my efforts are not being wasted. 
Because everyone else here is “putting out” 
to do Ais part too, with the result that we 
have a top-notch Company turning out a 
top-notch product — something that our 
customers have come to expect from us as 


a matter of course. 


THE CINCINNATI GEAR CO. 
CINCINNATI 27, OHIO 
Fifty Years of "Gears—Good Gears Only” 


New Parts 





bronze bearings assure complete 
alignment of both plunger and 
plunger extension. Square wire in 
the coil improves heat dissipation 


3 


and provides greater mechanical 
strength. Glass insulation is used 
for high-temperature operation. 
Unit operates on 115 or 220-v, 60- 
cycle, single-phase ac. It is 514 
x 334 x 35% in. in size and weighs 
6 lb 11 oz. Black & Webster Inc., 
Newton, Mass. 

Circle 762 on page 19 


Programmer 


is accurate to 0.2 per cent 
and has up to 13 channels 


MPR-13 multiple channel program- 
mer is small and lightweight, and 
provides up to 13 channels for any 
type of electrical programming, 
either of a repeat cycling or ran- 


dom nature. Accuracy is of the 
order of one part in approximately 
50,000. Programmer is housed in 
a magnesium casting, providing 
high strength and resistance to 
shock and vibration. Unit weighs 
3 lb 10 oz and measures 2 x 3 X 6 
in. Photographic Products Ince., 
1000 N. Olive St., Anaheim, Calif. 

Circle 763 on page 19 


Valve Positioner 


eliminates inherent 
transmission lag 


Model E electropneumatic position- 
er is available as an integral com- 
ponent of Series LB control valves 
with single-seated, split-valve bod- 
ies. Positioner provides valve po- 
sitioning directly proportional to 











NOW, hopper-fed 


headless 
set screws 


AUTOMATE 
SUB ASSEMBLY! 


CUT Operational Time 80% to 90% 
CUT Floor Area 

CUT Floor Waste from 30% to 0 
CUT Worker Fatigue 

The new Setko System can be 
used for almost any headless set 
screw application in sub or final 
assembly. All type points and 
most popular styles of set screws 
can be hopper fed. 


The illustration above shows the 
Syntron vibratory hopper and 
exclusive Setko orienting device 
which is the heart of this new 
system. This orienting device as- 
sures correct positioning of set 
screws as small as #2 (.086” x 
Yg”). Other Setko innovations 
include photo-electric cell control 
of feed flow, air power, and 
micro-switch actuation of the 


driver. 
f 


HEXAGON AND 
FLUTED SOCKET SLOTTED SLABBED 
SET SCREWS SET SCREWS SET SCREWS 


Two Models are available. The 
Vertical Feed Model adapts to 
drill presses, vertical tapping 
machines, etc. The Universal 
Model for horizontal feeding 
can be used as a separate unit, 
or with rotary indexing work 
tables. 


Free Demonstration in Your 
Plant or Ours... Arrange to 
visit the Setko plant, or ask for 
the loan of the new 12 minute 
16-mm color movie that gives 
a “demonstration” in your plant 
or office. Ask for a copy of Cata- 
log 21, which describes the new 
Setko System, plus the complete 
line of Setko standard and 
special types of set screws. 


Pat. No 2,638,945 
ee Other Patents Pending 


crewyv . 
& DAfg.Co. 


28 Main Street, Bartlett, Illinois 
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IN EW. . . Armstrong 


resilient clutch facings withstand 
high pressures, high temperatures 


Armstrong now offers a group of resilient friction materials designed to 
operate under the higher closing pressures, higher temperatures, and faster 
speeds found in many of today’s transmissions. 

The compositions are made by an entirely new patented process that com- 
bines organic and inorganic fibers with synthetic saturants. They are now 
operating smoothly in transmissions where closing pressures are up to 400 
psi. In some experimental transmissions, the new clutch facings are being 
used at pressures as high as 2,000 psi. 

These friction materials have high torque capacity and show virtually no 
change in coefficient of friction during their long service life. They are de- 
signed to run at ambient temperatures in the 250°-315° F. range, and they 
are not affected by the much higher flash temperatures often encountered 
under severe engagement. 


Send for detailed technical data 
— including performance curves. 
It’s contained in our new friction 
materials booklet. Write Arm- 
strong Cork Company, 7203 Dean 
Street, Lancaster, Penna. 





(Armstrong RESILIENT FRICTION MATERIALS 


... used wherever performance counts 


Circle 533 on page 19 
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‘Buyers Guide 


to the world’s 
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FOOTE BROS. 
@ 


standard enclosed 
gear drives 





1 


i 4 y 


Foote Bros. 

Line-O-Power Drives 
Available in straight line and right 
angle units, Line-O-Power drives Foote Bros.— 


feature Duti-Rated gearing. Foot or 
flange mounted, single, double, triple Louis Allis Gearmotors 




























or quadruple reduction. Cast housing Famous, dependable Louis Allis 
assures permanent alignment. Ra- motors and Foote Bros. quality Duti- 


tios to 2726 to 1. CATALOG LP NO.3. Rated Gearheads form a perfect com- 
U bination for power. Capacities range 

to 150 h.p., output speeds to 780 

r.p.m. Available foot or flange mount- ~ 

ed, horizontal or vertical models. 

CATALOG MRA. 











Foote Bros. 

Maxi-Power Drives 

Compact, rugged helical geared units 
provide years of trouble-free, de- 
pendable performance. Designed for 





severest service. Available in ratios Foote Bros. Hygrade Drives 
up to 360 to 1, capacities to 1550 h. p. Here's high efficiency and load car- 
CATALOG MPB rying capacity for heavy duty. Preci- se 





sion worm geared Hygrade drives are 
available in ratios up to 4108 to 1, 
capacities to 260h.p. CATALOG HGB. 


aan 
7 


For complete details on 
any one, or all, of the 
drives shown here, 
This trademark write for informative 
stands for the finest literature . . . note me 
industrial gearing made specific catalogs 
designated. There’s a 
size and type Foote Bros. 
drive to meet every need. 











Foote Bros. 

Worm-Helical Gear Drives 
Designed for heavy-duty stirring, 
mixing or agitating applications, 
Foote Bros. Worm-Helical Drives are 


available with horizontal input shaft, bs ~ 

vertical up or down or both output 

shaft. Ratios range to 285 to 1, ca- T.M. REG 

pacity to 128 h. p. CATALOG WHB. U.S. PAT. OFF Belen Power Trakooin Through Gavin 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
4567 S. Western Bivd. Chicago 9, Ill. 
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de signals received from electronic 
instruments. Electropneumatic 
transducer is not required, and 100 


psi air supply can be used. Unit 
eliminates the inherent transmis- 
sion lag of all-pneumatic systems. 
Conoflow Corp., 2100 Arch St., 
Philadelphia 3, Pa. 

Circle 764 on page 19 


Air Cylinder 


for heavy-duty service 


This air cylinder has an alloy-steel 
capsule-type gland designed espe- 
cially for heavy-duty service, long 
rod guide and independently ad- 
justable V-rod packaging. Bronze 
rodwiper ring prevents foreign ma- 
terial from entering cylinder. Cylin- 


der heads are cut from steel plate. 
Heads, steel clevises and steel pis- 
tons are cadmium plated. Static 
seals are standard AN O-rings. Op- 
erating pressure is 150 psi air and 
500 psi hydraulic service. Cylinder 
is available in strokes to 18 ft, 
from 3 through 8 in. bore with a 
variety of piston rod sizes. Dens- 
more Engineering Co. Inc., 235 E. 
Greenleaf St., Compton, Calif. 
Circle 765 on page 19 


Titanium Powder 


has high purity 
and low oxygen content 


UniFide titanium powder can be 
formed by powder metallurgy into 
corrosion and_ erosion-resistant 
parts such as gears, bearings, 


cams, wheels and dies. Powder is 


produced directly as a loose ag- 
(Continued on Page 230) 
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QW Shaft Seal Design 
With A Purpose! 


POSITIVE DRIVE 





POSITIVE DRIVE 


This gives long seal life. Drive is trans- 
mitted through the driving band and 
washer driving notch which absorb all 
breakout and running torque. Damag- 
ing stresses on the bellows or flexible 
sealing member are eliminated. Slip- 
page is also eliminated, thus protecting 
shaft or sleeve against galling. 


FLEXIBILITY 


Axial and radial misalignment problems 
are eliminated. Self-adjusting bellows 
or sealing head automatically compen- 
sates for shaft end play or run out. 
Minimum spring pressure is requi 
for axial shaft movement and uniform 
spring pressure is maintained during 
radial shaft movemeat. 








PRECISION MANUFACTURE 


Leakproof performance is assured. 

Washer and seat surfaces are precision 

PRECISION MATED lapped to a perfect mate under a 
LAPPED FACES patented “John Crane”’ process. 





A SEAL FOR EVERY SERVICE 


All “John Crane” Seals are constructed 
to the particular service requirements 
. .. from hot or cold water to the most 
destructive acids, corrosives and gases 
. . . temperatures up to 1000°F. ... 
pressures to 1200 psi. They can be 
furnished in types and sizes to méet 
practically any mechanical or dimen- 
sional condition. 


Request Bulletin S-204-2. Containing full information 
on “John Crane” engineered shaft seals. 


GET 
COMPLETE 
DETAILS 





Crane Packing Co., 
lid., Hamilton, Ont. 


rs et mai. 3 Q) 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 


Circle 535 on page 19 





Fact 1...no “swiss-cheese” vent holes in the 
solid frame to restrict mounting angles or 
allow liquids or dirt to damage windings. 


MACHINE DESIGN 





Westinghouse Offers the Only 
True All-Position Mounting Motor 


» « » one important FACT about the 


new Westinghouse 48-frame fhp motor 


"A solid, protective frame plus 22% more oil capacity 
helps make the new Westinghouse 48 frame the only 
true all-position mounting motor. 

By using a straight-through ventilation system— 
which actually boosts cooling ability—the need for 
holes in the frame is eliminated. The rigid protection 
of the solid cover keeps out harmful liquids, dust and 
dirt, no matter what the mounting angle. Gone, too, are 
the bothersome whistle noises of other motor designs. 

A positive oil-return lubrication system protects the 


new Westinghouse motor regardless of mounting posi- 
tion ... your assurance of smooth performance for 
longer periods, even at peak loads. 

Don’t expect all these benefits in any other motor. 


The Man With The Facts, your Westinghouse sales 
engineer, has all the information about this new fhp 
motor line. Contact him today. Or write for DB-2801. 
It contains complete technical data. Westinghouse Elec- 


tric Corporation, Small Motor Division, Lima, Ohio. 
J-03020 


you can BE SURE...i¢ irs 


Westinghouse 


Fact 2...up to 40% less space needed 
te stock some sizes. And the motor 
takes less room in your product, too. 
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Fact 3... weight savings up to 50%. 
Conserves mounting and housing space 
--- lowers material and shipping costs. 


Fact 4... straight-through ventilation 
assures cooler operation for longer run- 
ning periods, even at peak loads. 


Circle 536 on poge 19 











PEM 


Weld Fasteners 


STEEL 


or 


STAINLESS 


(non-corrosive—non-magnetic) 


Speed assembly —cut costs. 
Write for literature and 
samples for trial. 


Penn Engineering & Manufacturing Corp. 
Doylestown, Pa, 





—  . 
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| New Parts 


| Of high purity with a low oxygen 





(Continued from Page 227) 


glomerate, then crushed and sized. 


| content, it is also stable in air. It 
can be shipped dry and handled 
with ordinary precautions. United 
| International Research Inc., 38-15 
30th St., Long Island City 1, N. Y. 
Circle 766 on page 19 


Linear Servo Accelerometer 


with range of 0 to 25 cps 
has high output levels 


Model 4112 linear servo acceler- 
ometer, incorporating a high-gain 
electro-mechanical amplifier in 
closed-loop operation, is designed 
for precise measurement or control 
| of linear acceleration over a fre- 
| quency range from 0 to 25 eps. It 





| is especially suited to aircraft and 
| missile applications where rugged 





| construction and high accuracy are 
| needed. Internal servo system pro- 
| vides resolution of better than 
0.001 per cent and linearity within 
0.1 per cent of full range. High 
output levels are obtainable, elim- 
inating need for further amplifica- 
tion. Standard input ranges from 
+0.1 to +20 g are available, each 
with high overload capacity. Don- 
ner Scientific Co., Concord, Calif. 

Circle 767 on page 19 





| Flow Divider 


divides flow in 
any proportion 








| Flow divider can be adjusted with 
screwdriver to control flow over 
a range from 10 to 95 per cent as 
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VULCAN 
ELECTRIC FINNED 
STRIP HEATERS 


1. When application is for: 
Blower type electric unit heaters, 
duct heating, unit convection heat- 
ing, as oven or space heaters in 
dryers, pump rooms, switch 
towers, etc. 


2. When specifications call 
for: Steel sheath for sheath tem- 
peratures to 750°F; Chromalloy 
sheath for sheath temperatures to 
1200°F; length — 10%” to 
422" (or higher); wattage — 
500 to 3250 (or higher); voltage 
— 115 or 230; rugged non- 
oxidizing terminal posts. 


3. When you have “hot” 
problems: Vulcan Engineers are 
ready to provide special heating 
units — engineered to your needs. 


NEW FINNED 
TUBULAR HEATERS 


‘ 





Vulcan's new Finned Tubular 
Heaters provide six times as 
much radiating surface as stand- 
ard tubular heaters. Fin is spirally 
edge wound from continuous 
strip of steel, then silver brazed 
to surface of sheath. Heaters can 
be formed at factory into one or 
a series of hairpin bends. 


Write for free catalog. 


@ule 


ELECTRIC COMPANY 
DANVERS 6, MASS. 























| Cartridge « Strip » Tubuiar « Immersion Electric 
| Heaters . Soldering and Branding Irons 
Solder and Glue Pots 
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NEW 


Wesrern Gear-o-Gram |"? 








INVESTIGATE ADVANTAGES NEW WESTERN GEAR STRAIT=LINE 
SPEED REDUCERS STOP COMPACT IN-LINE DRIVES SIGNIFICANT 


ADDITION TO WESTERN GEAR LINE OF QUALITY POWER 
TRANSMISSION PRODUCTS STOP SEND FOR FULL INFORMATION 


STOP ASK FOR BULLETIN 5616= 





WESTERN 
GEAR 


TRAIT LIME 





SPEED Double Reduction Type RD ™ ” ov | ’ Triple Reduction Type RT 


.. And here are other members of the WESTERN GEAR quality line of mechanical power transmission 
equipment. They're tops in dependability, backed by 69 years of experience! 


High speed unit Integral gearmotor All motor gearmotor 


“The difference is reliability” + Since 1888 WESTERN GEAR CORPORATION 
P.0. Box 182, Lynwood, California 


Wesr. ee, Gra R ix Please send me Bulletin No. 5616 


4 4 
PHAN WS NAME__ 


ENGINEERS AND MANUFACTUREF 
FRE iicteennnstibitenannhuasis 


COMPANY. 


PLANTS ar. LYNWOOD, PASADENA, BELMONT, SAN FRANCISCO (CALIF.) 
A 11" 
SEATTLE. AND HOUSTON — REPRESENTATIVES IN PRINCIPAL CITIES 
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Air Control on 
Shell Cutting 
Lathe 


The most efficient piston packing for 
air and hydraulic mechanisms 


ORE and more plants are 
adopting Darcova Pumcups 
as the standard packing for air and 
hydraulic cylinders in machine 
tools, presses, hoists, lifts, rams, 
pusher mechanisms, controls, 
regulator valves, spraying equip- 
ment and various types of machin- 
ery... using air, oil, water and 
other fluids. 
There are two basic reasons why 
Darcova Pumcups have proved to 


be more efficient: (1) Texture en- 
gineered Pumcups outlast most 
other piston packing at least 3 to 1. 
(2) Pumcupsoperateat full efficiency 
throughout their entire life span. 

Fewer shutdowns, lower opera- 
ing costs and longer cylinder life... 
are some of the advantages of Dar- 
cova Pumcups. Send for all the facts. 
Write for Bulletin No. 4502 on 
Pumcups for air and hydraulic me- 
chanisms. 


DARLING VALVE & MANUFACTURING CO. 


Williamsport 30, Pa. 


~~" PUMCUPS 
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circuit requires. Built-in relief 
valve passes oil back to the sump 
when peak pressure setting of the 
secondary flow is reached. When 
pressure of the primary operation 
builds up, flow to the secondary 
operation decreases. Divider per- 
mits two simultaneous operations 
from one pump. It operates on low 
circulation pressure from pump 
and divides flow in any propor- 
tion. Unaffected by temperature, 
it has compact design which makes 
it easy to install and service. New 
Products Corp., 3636 Oakton St., 
Skokie, II. 

Circle 768 on page 19 


Centrifugal Pump 


has heavy-duty 
construction 


Pryco general-purpose centrifugal 
pump provides increased life and 
minimum maintenance since there 
are no grease fittings or packing 
glands to service after installation. 
Impeller is securely screwed on 


threaded shaft and cannot work 
loose or get out of adjustment. 
Increased head and volume are pos- 
sible because heavy-duty construc- 
tion permits higher speeds. Other 
design features include double ball 
bearings, mechanical shaft seals 
and lifetime lubrication. E. L. Price 
Pump Co., P. O. Box 357, Sonoma, 
Calif. 

Circle 769 on page 19 


Remote Positioner 


has rapid response 
and high accuracy 


Electrolink remote positioner op- 
erates on standard 60-cycle power 
and combines rapid response with 
high accuracy. Unit is compact, 
weighs 16 lb, and is adjustable to 
varying requirements. It reaches 
maximum speed in 1/50 second and 
is accurate within 0.5 deg. Three 
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Control Problems ?... Consult CONTROL EXPERTS 


{ Utilities 








{ Textires 


Control for Every = (asmcas 
Industry...Designed 9 ( 
by Allis-Chalmers 9 (== 


Mining 




















ae 








HE world’s largest line of major industrial equipment is ™~ 
produced by Allis-Chalmers. In supplying equipment to [Metar Producing 
all industries, Allis-Chalmers has been called upon to pro- a 
vide every conceivable type of control... STANDARD, [ uetan Fabricating 
MODIFIED and SPECIAL DESIGN ... in thousands 
of applications. This experience can help solve any or  uachinery fe 
all of your control problems...when you specify 


pha - os 
Allis-Chalmers Control. Lumber 























For Expert Help With Your Control Problems... ss 
call your Allis-Chalmers representative. His recom- [ Food Processing 
mendations are backed by Allis-Chalmers special- 











i 





ized engineering staffs . . . by complete research Chemicals 
and testing facilities. 








For further information call your nearby Cement \ 
A-C office, or write Allis-Chalmers, General 


Products Division, Milwaukee 1, Wisconsin. Sik oat tun > 











A-5203 


ALLIS-CHALMERS 
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y. VERTICAL OUTPUT 
Four sizes, PL-O-1-2-3. 
Ratios, 5-1 to 100-1. 
Capacities, % H.P. to 
4 H.P. Higher H.P. is 
attained in the heavier 
cases with low ratios. 





i es; 
Ss 







DPL SERIES a 


SPEED OH 


eo ff the Ss he if? 


* Ohio Stock Speed Re- 
ducers have been enthusi- 
astically accepted among 
nationally known manu- 
facturers for their sound 
engineering, long eco- 
nomical operation, and 
found to give the greatest 
satisfaction under a wide 
range of Industrial appli- 
cations. 


WORM ON TOP 
Single reducers. Input 
shaft is above and out- 
put shaft below. Includes 
5 sizes, HU-O-1-2-3-4. 
Ratios, 5-1 to 100-1. 





HU 
SERIES 




























DOUBLE SPEED 
For heavy duty service, Nos. 
DOT and D-1-3-4-5-6. Ra- 
tios to 3200 to 1. Torque 
capacities, 25 to 12000 in. 
Ibs. 


ESTABLISHED 


1915 


D SERIES 





THE OHIO GEAR Co. 


1338 £. 179 ST. © CLEVELAND 10, OHIO 


EBARS 
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basic components are: Data link, 
which converts manually-positioned 
input into error voltage; amplifier, 
which processes signals from the 
data link and a velocity signal 
from the servo drive; and the servo 





drive, which incorporates an inte- 
gral generator and provides pow- 
er output to the load. Magnetic- 
powder clutch isolates the inertia 
of rotating servo components from 
driven load. Torque-to-inertia ratio 
is high, increasing accuracy and 


response. Lear Ine., Dept. 80, 
Grand Rapids 2, Mich. 


Circle 770 on page 19 


Self-Adhesive Film 


is tarnishproof and 
resists abrasion 


Self-adhesive Mylar polyester film 
has high-tack adhesive on one side 
that adheres permanently to any 
clean, smooth surface. It can be 
used to trim a wide variety of 
products, and for fabricating name 
plates, special decorations, em- 
blems and protective kick pads. 
Material is tarnishproof, resists 
abrasion, moisture, organic sol- 
vents, most acids and alkalis, and 
is flexible for application around 
product contours. It is available in 
metallic gold, chrome and colors in 
a variety of embossed designs. Fas- 
son Prodacts, Industrial Products 
Div., Painesville, O. 

Circle 771 on page 19 


Torque Motors 


for aircraft and 
missile servosystems 


Torque motors for aircraft and 
missile servosystems have a high- 
ly efficient magnetic circuit and 
operate with high natura] fre- 
quencies and low phase lag. Brazed 
and welded together, they with- 
stand adverse temperature and vi- 
bration conditions without zero 
shift. The motors meet military 
specifications and are available in 


MACHINE DESIGN 








Note—Commercial and Military Packaging Engineers: 


LINK-LOCK 


...1is the rugged answer to your exacting container closure problems 


LINK-LOCK plays 
an wmportant role 
in the design 
of this container 


Simmons’ LINK-LOCK provides pressure-tight, im- 
pact-resistant closure, plus quick closing and open- 
ing, on this reinforced fibrous plastic product made 
by the new automatic pre-form process developed 
by Pressurform Container Corp. The two-section 
container will be used by the Light Military Elec- 
tronic Equipment Dept. of General Electric Com- 
pany for shipping airborne radar jamming units 
to the Air Force. 


Of prime importance are the container’s light- ; 
ness, strength, rust- and mildew-resistance, ability Courtesy of Pressurform Container Corp., and the 
to withstand high pressures without distortion, LMEE Dept. of General Electric Co. 

ease of locking and opening, and low cost. 


Here’s why LINK-LOCK is ideal for use on military 
cases produced to exacting specifications as well 
as on inexpensive commercial containers: 


e High closing pressure with light operating 
torque...insures pressure-tight seals where 
required. 

e Impact and shock resistant (positive-locking). 

e Compact design...lays flat against case even 
when unlocked. 

Available in 3 sizes, for heavy, medium, and 
light duty. 

Opening and closing by wing-nut, screwhead, 
or hex nut. 

Flexible engagement latch design...can be 
varied to suit different conditions. 


Also available! Spring-Loaded LINK-LOCK... ideal 
for less expensive containers where costs won’t 
permit precision production. Spring provides 
take-up to compensate for set in gasketing, irregu- 
larities of sealing surfaces, and mounting inac- 
curacies. 


Where does the versatile Simmons LINK-LOCK be- 
long in your design? For full information and 
specifications, send for LINK-LOCK DATA SHEETS 


today. Samples and engineering service available FASTENER Cc OR PO RATI o N 


upon request. 1756 North Broadway, Albany 1, New York 
QUICK-LOCK SPRING-LOCK ROTO-LOCK LINK-LOCK DUAL-LOCK 
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Self- aligning 


DIHEDRAL COUPLINGS 


Give Design Engineers 
An Immediate Source 
of Product Improvement 


Patented or 
Patents pending 
in U.S.A, and 
foreign countries 


ew prea 


Cutaway 
view shows 
arrangement 
of specially 

designed 
AJAX gears 


Here is a ‘“‘ready made technical | 
helper” that cam give you more 
engineering time for the concen- | 
trated efforts that special assign- 
ments require. Write for the | 
new Ajax Catalog No. 62 that | 
contains misalignment capacities 
of every coupling size and type in the complete 
line of Ajax Dihedral Couplings. Why spend 
valuable time duplicating data already established 
by thousands of proven, field tested applications. 


Ajax Dihedral Couplings handle unavoidable shaft 
misalignment, angular and offset, up to a total of 
12°, Teeth can be cut to handle greater misalign- 
ment capacities on special order. 


Get the facts on how manufacturers of presses, 
machine tools, rolling mills, cranes, earth moving 
and many other direct 

connected machines are 

simplifying design, cut- 

ting manufacturing costs 

and improving product 

performance with Ajax 

Dihedral Couplings. 


Write today for your 
personal copy of 
Bulletin No. 62. 


AJAX FLEXIBLE COUPLING CO. INC. 
WESTFIELD, NEW YORK 
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three sizes. Model 28 produces a 
force of 131% lb with +0.015-in. 
stroke. Model 24 has force output 
of 8 lb and +0.008-in. stroke. 
Smallest unit, Model 23, produces 


5 lb force with +0.007-in. stroke. 
High - temperature models are 
available for continuous operation 





to 400 F. Raymond Atchley Inc., 
2340 Sawtelle Blvd., Los Angeles 
64, Calif. 

Circle 772 on page 19 


Vinyl Insulated Wire 


in gages of No. 26 to No. 20 
with 0.009-in. wall 


Extruded, semirigid vinyl insulated 
wire, designated Turbo Tufflex, 
eliminates the need for nylon jack- 
eting or textile overbraiding. It is 


extremely flexible and eliminates 
wrinkling, creasing and fracturing. 
It has slightly better electrical 
characteristics than jacketed wire 
and is available in gages of No. 
26 to No. 20 with 0.009-in. 
wall. Wire has a 300-v rating for 
use in electrical accounting and 
bookkeeping machines and elec- 
tronic computers. William Brand 
& Co. Inc., Willimantic, Conn. 
Circle 773 on page 19 


Adjustable Speed Drives 


use electronic tubes 
for rectification 


Electronic adjustable speed dc 
drives in five sizes from 34 through 
3 hp provide electronic control of 
de motors.from ac power. Adjust- 
able speed range is 50:1 without | 


_MEEHANITE CASTINGS ARE MADE ONLY 


BY MEEHANITE FOUNDRIES 


The American Laundry Machinery Co., 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works, 3t. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N. J. 

Blackmer Pump Co., Grand Rapids, Mich. 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 

Continental Gin Co., Birmingham, Ala. 

The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 

Crawford & Doherty Foundry Co., 
Portland, Ore. 

Empire Pattern & Foundry Co., Tulsa, Okla. 

Florence Pipe Foundry & Machine Co., 
Florence, N. J. 

Fulton Foundry & Machines Co., Inc., 
Cleveland, Ohio 

General Foundry & Mfg. Co., Flint, Mich, 

Georgia Iron Works, Augusta, Ga. 

Greenlee Foundry Co., Chicago, Ill. 

The Hamilton Foundry & Machine Co., 
Hamilton, Ohio 

Hardinge Company, Inc., New York, N. Y. 

Hardinge Manufacturing Co., York, Pa. 

Johnstone Foundries, Inc., Grove City, Pa. 

Kanawha Manufacturing Co., 
Charleston, W. Va. 

Koehring Co., Milwaukee, Wis. 

Lincoln Foundry Corp., Los Angeles, Calif. 

Palmyra Foundry Co., Inc., Palmyra, N. J. 

The Henry Perkins Co., Bridgewater, Mass. 

Pohlman Foundry Co., Inc., Buffalo, N. Y. 

The Prescott Co., Menominee, Michigan 

Rosedale Foundry & Machine Co., 
Pittsburgh, Pa. 

Ross-Meehan Foundries, Chattanooga, Tenn. 

Sonith Industries, Inc., Indianapolis, Ind. 

Standard Foundry Co., Worcester, Mass. 

The Stearns-Roger Mfg. Co., Denver, Colo. 

Valley Iron Works, Inc., St. Paul, Minn. 

Vulcan Foundry Co., Oakland, Calif. 

Washington Iron Works, Seattle, Wash, 

Dorr-Oliver-Long, Ltd., Orillia, Ontario 

Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 

Otis Elevator Co., Ltd., Hamilton, Ontario 





WRITE TODAY 
FOR YOUR 
FREE 
SINGLE COPY 


@ “MEEHANITE CASTINGS FOR PRESSURE 
TIGHTNESS” BULLETIN NO. 43 
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This huge casing for an 84” volute pump was cast in four sections in high strength (over 50,000 psi) Meehanite metal. 


Pressure tight Meehanite castings are uniformly sound 
and possess high strength values 


Meehanite metals provide designers, 
production men and engineers with 
a group of dependable materials that 
possess the superior combination of 
physical properties required by pres- 
sure tight castings used with water, 
oil, steam, gas and other substances. 


The consistent uniformity of the 
structure of Meehanite metal 
throughout all casting sections in- 
sures excellent performance in serv- 
ice and offers positive freedom from 


leaks, porous zones and structural 
weakness. 


In addition, Meehanite castings pro- 
vide high strength values in the order 
of 55,000 Ibs. psi and have a true 
modulus of elasticity which is im- 
portant in computing bursting stress. 


If you would like to know more 
about the advantages of Meehanite 
metal, write today for your free copy 
of bulletin #43 “Meehanite Castings 
for Pressure Tightness.” 


The uniform solidity and closeness of grain 
through all complex sections are revealed 
in this cross section of a Meehanite hy- 
draulic valve unit. 


MEEHANITE BRIDGES THE GAP BETWEEN CAST IRON AND STEEL® 


MEEHANITE METAL 


MEEHANITE METAL CORPORATION, NEW 
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@» Where LUBRICATION LEAKAGE | New Parts 


iS a Problem | field weakening, providing speeds 


from 35 to 1750 rpm. Motor speed 
i 1 
“LITTLE LUBE’? recommends varies not more than ¥ of 1 per 


cent of full speed at any setting 
our new Double-Check 
Leak-Proof Grease Fitting 


Patented free release shoulder 
and groove. 

Resilient ‘“‘O’’ ring washers, 
huge surface of ball, lets grease 
in, but not out. 

Ball and spring in normal posi- 
tion act as a double check with 
“OQ” ring regarding back pres- 
sure leakage. 

Steel insert firmly supports “O” 
ring during service lubrication. 





when load is varied from no load 
to full load. Drive motor is used 
as a tachometer, reducing the size 
of the cabinet area normally re- 
quired for a tachometer and its 
gearing. Weltronic Co., 19500 W. 
, ae ae ns Eight Mile Rd., Detroit 19, Mich. 
oee Our complete line u | P 

Ballin-Head Grease Fitein s in ati Sach cae actes 3 
SWEET’S Product Design File— 


or write for our new Engineering Centrifugal Blowers 


Data Catalog. 
pe Nate 20 have three to nine 
cascaded pressure stages 


TSE ULL CULM AREL INE Tam Multistage centrifugal blowers de 


liver 25 to 350 cfm at static pres- 


642: Allegheny Avenue . Oakmont, Pennsylvania | sures of 10 to 55 in. water column 
ee (2 psi) on suction or pressure. 
inca - | They incorporate three to nine cas- 
oe | ecaded pressure stages, have no 


Circle 546 on page 19 





me | 





DUREASE ZINC ALLOY GEARS AND FINIIM 
ANATLABLE PROM . 
Rewards absence 


reeetiiesanicens 98 x0. 








wearing parts, and are direct- 
coupled to a 1%, to 2-hp induction 
motor which is an integral part of 
the unit. Noise levels are low since 
shaft speed of the blower is only 
3400 rpm. Motors are wound single 
or three-phase for all standard line 
voltages. Blowers, which are small 
and lightweight, have electronic, 
ee GRC’'S sTocK SH EET instrument and computer applica- 

Before you order gears or pinions, see GRC'’s new Stock tions. Rotron Mfg. Co., Schoonmak- 


Sheet. All items listed are cast from stock dies, individuall 
or in various combinations of gears, pinions, hubs, shafts, er Lane, Woodstock, N. Y. 


etc. Holes, shafts spacers, shoulders, etc., are made to your i 
<3 OS: specifications at no extra tool charge, quantity per- Circle 775 on page 19 


mitting. Maximum 0.D. about 14%.” with ” face width; 

wider faces for smaller diameters. * Unusual shapes, extra 

precise requirements, available on special order. $ ° h 
> WRITE TODAY for new stock sheet and samples. Pressure witches 


SEND SPECIFICATIONS FOR PROMPT 
QUOTATION — 100,000 TO MILLIONS Epes for pressure to 500 psig 
World's Foremost Producer of Small Die Castings & pass MIL-E-5272A 


GRIES REPRODUCER CORP. Three switches in the Glennite line 


32 Beechwood Ave., New Rochelle, N.Y. * Phone NEw Rochelle 3-8600 include: Model 501-A, a differential 
See GRC in LA! Western Metals Show, Booth 617 
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Master B-100 Portable Space Heater 
MANUFACTURED BY MASTER VIBRATOR COMPANY DAYTON. OHIO 


To accomplish compactness, simplicity and lower OL 
cost, this enclosed % hp., 3450 rpm split phase 
Robbins & Myers motor was specially designed © 


to do two important jobs in the Master B-100 Port- 


ble Space Heater. + d 
5 A sonar 9 accommodates a direct m o @ r oO e ) 


driven fuel pump. The other end of the shaft drives 

a direct connected fan with an output of 430 cfm. 

A rigid foot mounting on the motor supports the a ©] U 6 ; Ee a U ty 
entire assembly. 

It’s a very simple solution . . . and that’s the 
point. Robbins & Myers engineers are constantly 
looking for ways to simplify power applications in 
our customer’s products. The results are greater 
dependability and a more saleable product at a 
lower cost. 

Robbins & Myers field engineers welcome the 
opportunity to discuss power problems within the 
range 1/200 to 200 hp. Call the R & M representa- 
tive near you. He’s listed in the yellow pages. 


One end of shaft drives aA 

fuel pump attached to = Other end of the shaft 

special end mounting. : drives a direct connected 
430 cfm fan. 


BRANTFORD, ONTARIO 


Y exo Ga 


® 
Moyne Pumps —Propellair (Industrial) Fans 
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NEW 
CONCEPTS... 


Whitney Chain engineers have recently developed two 
revolutionary designs . . . Self-Lube Roller Chain and 
“F-R” Processed Roller Chain. Each completely 
proven in the field, these chains can open entirely new 
cost-saving concepts for your drive-design programs. 


Whitney Self-Lube Chain outlasts regular chain by as 
much as 5 to 1 under continuous service in extremes 
of dust or moisture. Here, Whitney’s exclusive sintered 
steel bushings “oil cleanly from the inside”, are pre- 
lubricated for life, cannot trap abrasive matter which 
cuts chain life. Ideal for applications in food, drug, 
textile and many industries where ordinary chain lu- 
brication results in product damage. 


And Whitney’s new “F-R” Processed Roller Chain is 
establishing new service standards for durability, par- 
ticularly on problem drives involving unusual oper- 
ational conditions, stresses and heavy shock loads. 
This performance comes from the exclusive Whitney 
“F-R” process which offsets excessive operational 
stresses in the chain. 


These new chains with dynamic, balanced design, serve 
better, longer and at less over-all cost . . . and so does 
Whitney’s entire line of chain . . . developed by special- 
ists with over 60 years’ know-how in your drive field. 


Whitney field engineers, warehouses, and alert distri- 
butors assure top service from complete stocks . 


nation-wide. Write for full technical literature. 


CHAIN COMPANY 
205 Hamitton St., Hartrorp 2, Conn. 
ROLLER CHAIN @ SILENT CHAIN @® CONVEYOR CHAIN @ SPROCKETS @ FLEXIBLE COUPLINGS 
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pressure switch designed to make 
or break electrical circuits when 
the difference between two pres- 
sures is equal to or greater than a | 
predetermined value; a gage pres- 
sure switch, Model 301-A; and an | 
altitude switch, Model 101-A. Dif- | 








ferential pressure switch has low | 
and high operating pressures of 
250 and 500 psig respectively and | 
weighs 0.75-lb. Pressure differen- 
tial is sensed by a diaphragm-type 
capsule that withstands high over- | 
pressure without sacrificing sensi- | 
tivity. All switches pass environ- 


tae eS Dt he Pinning costs for 
Fy Se meote precision differentials reduced 25% 


Nameplate Decals Using taper pins for assembly of these three precision differ- 
for difficult entials presented a cost- reduction problem to the PIC De- 
surface applications sign Corp. Tool cost, for example, was high because taper 

pins require fine, perishable and expensive taper pin ream- 

Meyercord Type I nameplate decals | ers. Assembly costs, of course, were increased by the added 

adhere instantly and permanently reaming operation. 

to any commercial surface includ- PIC replaced taper pins with Rollpin in all assemblies and 

ing acrylics, polyethylene and un- cut fastening assembly time and costs substantially. The 
: , es : ; high cost of reaming has been eliminated entirely because 

painted metals. Water applied, - Rollpin is; wedi Tacs mergers Csr. 

; ollpin is a press t, slotted tubular steel pin which drives 
the decals do not depend i sg ™ easily into holes drilled to normal production tolerances. 
water solubility for adhesion, and ae ‘+ = Made slightly oversize, Rollpin compresses as driven. Its 
accidental oversoaking will not af- | \Z f __ spring action locks it in place— withstanding impact loading, 
fect adhesive qualities. Name- | ’ stress reversals, and severe vibration. And base price of 
plates can be designed with half- | = stainless steel Rollpin is far lower than the equivalent taper 
tones or in poster style. Meyer- pin. 
cord Co., 5323 W. Lake St., Chi- | If you use dowels, pins, rivets, or set screws and want to 
cago 44, Ill. maintain high shear strength, consider the probability that 

: Rollpin can cut your costs, too. 








Circle 777 on page 19 
* 5 Stainless Steel Rollpins used 


Plastic Panels | on each PIC Precision differential. go ¥_ 
-——MAIL THIS COUPON FOR DESIGN INFORMATION- — oe 
are reinforced with 


aluminum or steel mesh | Elastic Stop Nut Corporation of America, Dept. R44-34 (D.N.) 
| 2330 Vauxhall Road, Union, New Jersey 

Security Junior translucent panels Please send me the following free fastening information: 

are char or cone giam-Gber [) Rollpin Bulletin C) Here is a drawing of our product 
plastic with embedded aluminum ae ee What ihadten pal ees would 
or steel diamond mesh. They of- C) Elastic Stop Nut Bulletin you suggest? 

fer unusual architectural design Sains Title 
possibilities, as well as semitrans- 
parent protection against flying 
particles and liquid spray. Metal 
mesh reinforcement provides high 

(Continued on Page 244) 
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HOW DESIGN ENGINEERS 


GENERAL 


THROUGH ITS NEW 








Laboratory with factory-size equipment — that’s the new $5,000,000 G-E metals and ceramics labora- 
tory in Schenectady. From here wi!l come many of the products manufactured by the Metallurgical 
Products Department of General Electric Company, 11126 E. 8 Mile Road, Detroit 32, Michigan. 


MACHINE Design’ 





BENEFIT FROM THE RESOURCES OF 


ELECTRIC 


METALLURGICAL PRODUCTS DEPARTMENT 


March 21, 1957 


Solutions to your most pressing problems — 


plus developments ahead of industry trends — 


are now being worked out in our laboratories 


Because designers needed a metal 
harder and more wear-resistant 
than steel, General Electric brought 
out Carboloy, cemented carbides. 
Because designers needed a more 
powerful magnetic material, General 
Electric developed improved types 
of Alnico permanent magnets. Be- 
cause designers needed better high- 
temperature metals, General Electric 
created new vacuum-melted alloys. 


These, and many other vital prod- 
ucts for design engineers, are the 
result of General Electric’s tremen- 
dous resources of technological 
know-how and skilled manpower in 
the field of metallurgy. They are 
created in G-E laboratories . . . and 
produced for industry by the new 
Metallurgical Products Department. 


This Department is the successor 
to the Carboloy Department, which 
was originally organized to manu- 
facture carbides. It now produces 
such widely divergent metallurgical 
products as hevimet, thermistors, 
and Thyrites varistors .. . in addi- 
tion to chrome and tungsten car- 
bides, and permanent magnets. 


The very range of its products in- 
dicates how the resources of General 
Electric are being put to work 
solving the design engineer’s most 
pressing problems through modern 
metallurgy. 

Perhaps more important, G-E re- 
sources like the new Research Lab- 
oratory in Schenectady, and the 
manufacturing facilities of the Metal- 
lurgical Products Department, are 
now combining their talents to pro- 
duce ahead of the trends and needs 
of industry. 

In the Metalworking Industry, for 
example, this combination of G-E 
resources has already made one such 
contribution: Carboloy Cemented 
Oxide —a new kind of cutting tool 
material with so great a potential for 
super high-speed machining, that 
new machine tools must be designed 
to take advantage of all it offers. 

Developments like these are es- 
sential to industrial progress .. . 
and they are typical of the parade 
of products design engineers can 
expect from the G-E Metallurgical 
Products Department. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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No load is big enough to stall the engine when the tractor has a National Supply torque 
converter. 17 basic sizes available to match exactly engines of 100 to 1000 horsepower. 


Easy way to tell if 


a heavy-duty machine needs 


a torque converter 


You can tell simply by listening to 
the engine while the machine is oper- 
ating. Does it run fast—then slow 
down as the load builds up—then 
drop off to idling speed—then start 
all over again? If so, a National 
Supply torque converter would prob- 
ably make the machine make more 
money for you. 

A National Supp.y torque con- 
verter lets the machine work at full 
capacity all the time. The engine 
never labors or stalls because of 
overload. Instead, it runs continually 
in its best speed range and delivers 
its full horsepower at all times. 

The torque converter automati- 
cally increases or decreases the flow 
of power as required by each change 
in the load. Many little delays and 
losses are eliminated. 

Your machine gets more work 
done in a day. Also, because of the 
shock-cushioning effect of the 
National Supply torque converter, 
there’s less engine maintenance. . . 
less wear and tear on equipment. 

If you operate heavy-duty ma- 
chinery, you should look into torque 


THE NATIONAL 




















National Torque Converters are manufac- 
tured with or without integral cooling systems. 


converters. National Supply, with 
experience in the application of high- 
power fluid transmission since the 
’thirties, can help you. Write to 
have a National Supply engineer 
analyze your problem and figure the 
results you can expect from a torque 
converter. The National Supply 
Company, Two Gateway Center, 
Pittsburgh 22, Pennsylvania. 


SUPPLY COMPANY 


INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22 Pa. 


Pace-setters in the progress of 


industrial power transmission 
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(Continued from Page 241) 


impact resistance. In aluminum, 
the panels consist of 0.081 gage ex- 
panded aluminum embedded in 
flat Resolite sheets using 1% oz 


glass fiber mat. In steel, they are 
16-18 gage expanded steel em- 
bedded in flat plastic sheet. Av- 
erage light transmission value is 
50 per cent. Panels are available 
in lengths of 8 and 10 ft and 
widths of 1, 2, 3 or 4 ft. Resolite 
Corp., Zelienople, Pa. 

Circle 778 on page 19 


Casters 


have wing-type 
wheel brake 


Diamond Arrow casters in 4 and 5 
in. sizes, used in plate or stem 
construction on light work stands, 
portable ladders, conveyor sections 


and other mobile equipment, are 
equipped with a wing-type wheel 
brake which enables caster wheel 
to be locked securely or released 
with a touch of the toe. Bassick 
Co., Bridgeport 2, Conn. 

Circle 779 on page 19 


Beryllium-Copper Strip 


is free from 
surface oxides 


Oxide-free beryllium-copper strip 
for use in electronic, electrical, air- 
craft, instrumentation and other 
industrial equipment can be 
stamped in the soft stage and heat- 
hardened. It has excellent elec- 
trical and spring characteristics, 
making it suitable for current- 
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Aircraft design today is a challenge 
unequalled in any period of the 
past. The exacting requirements to 
produce a superior result have 
pushed metallurgy and metal work- 
ing beyond traditional practice. 


The designer less often selects from 
standards but rather proposes new 


OUR LIST OF CUSTOMERS INCLUDES: BENDIX PRODUCTS DIVISION, BENDIX AVIATION CORPORATION 
AIRCRAFT ENGINE DIVISION 


* CURTISS-WRIGHT CORPORATION . 
GAS TURBINE DIVISION ° 
LOUD MACHINE WORKS, INC 
° SOLAR AIRCRAFT COMPANY . 


FORD MOTOR COMPANY 
HAMILTON STANDARD DIVISION, UNITED AIRCRAFT CORPORATION 
PRATT AND WHITNEY AIRCRAFT ° 

THOMPSON PRODUCTS, INC ° 


shapes and new materials to pro- 
duce results beyond traditional 
thinking. 


Cameron's contribution to this era 
has been the development of an 
unusual forging process for large, 
intricate ferrous components. Elim- 
ination of welds, better grain struc- 
ture, internal as well as external 
curvatures, and considerable 








RHEEM MANUFACTURING COMPANY . 


WESTINGHOUSE ELECTRIC CORPORATION, AVIATION GAS TURBINE DIVISION 


machining economy are making 
these remarkable “Sky Steel” forg- 
ings more popular every month. 
For complete information write 
or call... 


IRON WORKS, Inc. 


AL PROC T EPARTMENT 


CLEVELAND PNEUMATIC TOOL COMPANY 
. GENERAL ELECTRIC COMPANY AIRCRAFT 
1-T-E CIRCUIT BREAKER COMPANY . H. Ww 
RYAN AERONAUTICAL COMPANY 
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Safe, remote control of natural gas lines, using air motors to operate valves. Left: Gardner-Denver five-cylinder radial 
air motor on 24” valve. Right: Keller Tool axial piston air motor. Both motors operate on natural gas at line pressure. 


No fire hazard with these air motors 


Think of air motors when the specs call for rotary 
power in gassy, dusty, fire hazardous spots. Air 
motors can’t spark. They won’t burn out when 
overloaded—merely stall. They don’t heat up under 
constant starting, stopping, reversing. 


And when you think of air motors, remember 
Gardner-Denver and Keller Tool offer a complete 
line of quality air motors from 14 hp to 16 hp. 


Five-cylinder radial, axial piston, and rotary vane Midst the wood dust of sawmills, Gardner- 
Denver five-cylinder radial air motors are fre- 


types. Send for descriptive bulletins. quently used for powering edger feed rolls. 


fe 


ENGINEERING FORESIGHT—-PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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carrying springs. In _ ultra-thin 
and extremely close’ tolerance 
gages, material has many applica- 
tions in miniaturized electrical and 
electronic components. It is avail- 
able in thicknesses down to 0.0005- 
in., in tolerances as close as 
-£0.0001-in., in widths from 3/32 
to 6 in., and in quantities from 1 
Ib. American Silver Co. Inc., 36- 
07 Prince St., Flushing 54, N. Y. 

Circle 780 on page 19 


Dry-Air Pump 
compact and lightweight 
unit delivers 30 cfm 


Model 133218 positive-displacement 
dry-air pump incorporates patent- 
ed features at tips and ends of im- 
pellers to provide practically zero 
clearance without rubbing.  Oil- 
free, the pump is compact and 


weighs 5 lb 10 oz. It is rated at 
40 cfm zero-pressure delivery or 
30 cfm (free air), 10 psi delivery 
at 7500 rpm. Higher pressures 
can be attained, and pump speed 
can be increased if more flow is de- 
sired. Motor is continuous-duty, 
totally-enclosed type rated 2.8 hp 
at 7500 rpm. Borg-Warner Corp., 
Pesco Products Div., 24700 N. 
Miles Rd., Bedford, O. 

Circle 781 on page 19 


Power Transmitter 


controls motor stop-start 
to 40 starts per min 


Rapid stop-start machine opera- 
tion is remotely or automatically 
controlled by  solenoid-operated 
power transmitter. Forty or more 
starts per minute may be achieved 
if inertia is sufficiently low. Mo- 
tor uses constantly running mo- 
tor-driven flywheel with  short- 
throw clutch. Actuation is by two 
tandem-arranged, 115-v, ac sole- 
noids. One engages clutch; other 
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BARBER 
COLMAN 


mall Motore 


ice maker.” 
TYPE DYAB 


Servel Inc., Evansville, Indiana 


va 


The Automatic Ice Maker on the new Servel gas refrigerator keeps a 
constant supply of individual ice cubes readily at hand, so that they 
may be taken out singly or in quantities as needed. Everything is 
automatic . . . water is piped to the unit, single cubes drop down 
ready for use . . . no bothersome tray-filling, no separating of cubes. 
To activate this Automatic Ice Maker, Servel Inc. standardizes on 
the Barber-Colman Type DYAB Small Motor with “Plus” features 
of high starting torque .. . long life . . . rugged construction .. . 
hardened and ground stainless steel shafts . .. porous bronze bearings 
. .. generous oil reservoirs. If you have a design problem involving 
small motors, let Barber-Colman engineers help you solve it with the 
exact motor for the job. 


FREE HELPFUL DATA SERVICE oy the complete line of Barber-Colman small motors which 
includes unidirectional, synchronous, and reversible motors — up to 1/20 hp. With and 
without reduction gearing — open or enclosed types. Expert engineering service available. 
Write today, tell us your problem, ask for free data sheets and catalog F-4271-6. 


(Fox 


REVERSIBLE SYNCHRONOUS GEARED UNIDIRECTIONAL 


BARBER-COLMAN COMPANY 
Dept. O, 1273 Rock Street, Rockford, Illinois 
Small Motors * Automatic Controls * Industrial Instruments * Aircraft Controls 


Electrical Components * Air Distribution Products * Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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VERSATILE 
PERFORMANCE 


for your BIG JOBS, too, 
in SPEED REDUCTION 





The stock line of Winsmith Speed Reducers offers a wide variety 


of rugged, heavy duty units designed to handle all your speed 






reduction problems involving high input horsepower. Worm gear 
reducers are available in horizontal or vertical types, with 
right angle or parallel shafts... worm on top or worm on bottom. 
The Winsmith Differential line offers equal versatility 
with three stock types — Horizontal, Flange Mounted, or 
Vertical Motorized. 


It will pay you to standardize on Winsmith — the most 
complete line for all your speed reduction jobs 
— big or small — from 85 h.p. 

down to 1/100 h.p. 





COMPLETE ENGINEERING DATA 

on hundreds of types and sizes 
of Winsmith reducers is included in 

Catalog #155 — write for your copy today. 


WINSMITH, INC. 16 Elton St., Springville, (Erie County), N. Y. 


248 


Circle 556 on page 19 


New Parts 





engages brake. Control is ac- 
complished by stop-start push-but- 
ton station, or can be automatic 
through use of limit switches, 
sensing devices, timers or other 
controls. Unit is available for 
115/230 v «0-cycle ac operation 
in 14 to 1-hp ratings and for two 
or three-phase, 60-cycle operation 
at 208, 220/440 or 550 v with 
ratings from 14%, to 2 hp. Diehl 
Mfg. Co., Finderne Plant, Somer- 
ville, N. J. 

Circle 782 on page 19 


Potentiometer Servo-Mechanism 


for built in 
applications 


Self-balancing electronic potenti- 
ometer servo-mechanism, furnished 
without case, is designed to be 
built into user’s equipment. When 
used with amplifier, input trans- 





former and dc-ac inverter, unit 
forms complete self-balancing dial 
indicator. Dial speeds of 1, 3, and 
414 sec are available. Applica- 
tions include use as_ indicating 
pyrometer, resistance thermometer 
or potentiometer, or as a unit to 
operate analog-digital conversion 
mechanisms for readout. Bristol 
Co., Waterbury 20, Conn. 

Circle 783 on page 19 


Input Controller 


offers precise 
heat control 





Electric-current percent-input con- 
troller offers high accuracy in con- 
trol of operating temperatures in 
ovens, furnaces, and similar ap- 


MACHINE DESIGN 





Putting a voice in the man-made moon 


America’s first man-made satellite will soon be 
launched into outer space where, traveling in its own 
orbit, it will circle the earth. 

Deep inside will be sensitive electronic instruments 
which will “observe” cosmic activity and “report” find- 
ings back to us. Scientists believe that many a mystery 
of the universe may thus be solved. 

Without electrical insulation of exceptional qualities, 
such as CDF supplies, the equipment inside these man- 
made moons could never operate. 

FOR SPECIFIC INFORMATION on CDF products, see 
Sweet’s, Electronics Buyers’ Guide, and other direc- 
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tories. Then send us your print or your problem, and 
we'll return free samples and technical literature. 


CDF MAKES Dilecto Laminated Plastics -* Celoron 
Molded Plastics * Micabond Mica Products « Diamond 
Vulcanized Fibre « Flexible Tapes of Teflon*, Silicone, 
and Micabond + Resin-Impregnated Spiral Tubing « 
Complete Fabrication Facilities. 


*duPont trademark for its tetrafluoroethylene resin 


CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE BUDD COMPANY + NEWARK 23, DELAWARE 
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Filters, Regulators, and Lubricators 





for Air Supply to Pneumatic Equipment 


with the NEW 







WATTS 


Contoured inlet eliminates drastic air pres- 


: ici sure drop and forces the air into a down- 
high efficiency ward spiral. This “Tornado Action” sets 
FILTER up centrifugal force which spirals dirt 
and moisture particles downward into 
the “quiet zone.” 
New ASPIRATOR ACTION » 
WATTS oe 
2 as Watts Aspirator control acts directly on 
high efficiency input valve, giving instant compensation 
for fluctuating pressure demands . . . 
REGULATOR provides precise control and _ stabilizes 
pressures reaching individual pieces of 
equipment. 
New BY-PASS PICKUP» 
WATTS 
= PRE Watts new By-Pass Pickup makes possible 
high efficiency an exclusive high velocity venturi section 
LUBRICATOR which vaporizes virtually 100% of the 


metered oil. By-Pass permits maintenance 
of constant pressure in the venturi section 
with minimum pressure loss. 


Complete range of Sizes: 1/4”, 3/,”, 1/2” 


: nf ; BOWLS CAN BE 
eT Pe REMOVED IN 
} ] 
i Te ein 1) eg SECONDS 


Write for catalog and specification 
sheets on WATTS high efficiency line. 


V TATTS revisor COMPANY 


—¥V SINCE 1875 


12 EMBANKMENT 











ROAD LAWRENCE, MASSACHUSETTS 
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plications. Unit eliminates use of 
rheostats with consequent dissipa- 
tion of power load through resist- 
ance. Controllers have synchron- 
ous motors rated for operation 
from 115 to 230 v, 25, 50 or 60 
cycles. Unit controls temperatures 
by interrupting heating circuit 
at regular intervals, adjustable on 
dial calibrated from 0 to 100 per- 
cent “on” time. Automatic Tem- 
perature Control Co., 5200 Pulaski 
Ave., Philadelphia 44, Pa. 

Circle 784 on page 19 


Fire Detector 


withstands 2000 F 
flame for short periods 


Fire detector is a_ thin-shelled, 
stainless-steel, hermetically sealed 
unit weighing 4.3 oz. Unit has 
temperature adjustment range of 
50 to 350 F and can withstand 





exposure to —65 F indefinitely 
and to a 2000 F flame for short 
periods. Contacts close when tem- 
perature exceeds previously set 
point. Current rating is 5 amp at 
125 v ac, 2 amp at 28 v dc, and 
1 amp at 48 v de. Fenwal Inc., 
Aviation Products Div., Ashland, 
Mass. 

Circle 785 on page 19 


Silicone Rubber 


has wide temperature 
operating range 


Silicone sponge rubber of 50 durom- 
eter-base stock exhibits extreme 
flexibility at temperatures down to 
—100 F yet has good heat resist- 
ance to 500 F. Style 9383 sponge 
is extremely tough and resists 
tearing and abrasions. Aging and 
weathering qualities are excellent, 
and material sheds water and re- 
sists adhesion of ice. Rubber is 
available in sheets, rounds and any 
shape extruded sections. Garlock 
Packing Co., 405 Main St., Pal- 
myra, N. Y. 
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... completely redesigned 
Performance -Rated ° 


GEARMOTORS 


Here they are...new improved Century Gearmotors ability! Available with Century polyphase, single 
... Performance-Rated for exact application of motor phase and DC motors. Variety of mounting positions 
to job...embodying that famous Century depend- possible, including downshaft and tilted shaft. 


Improved equipment performance for you with new improved Cae Gearmotors 


_ 


No pinion play, no creep even under reversing 
service! Motor shaft machined for high speed 
pinion assembly... pinion splined into shaft and 
rigidly, positively locked in perfect alignment! 


Trouble-free service even under heaviest loads 
and severest operating conditions is provided by 
extra-capacity bearings, integral bearing housings. 


Cooler operation... maximum wear life, and ex- 
tra thermal capacity through improved case design 
and superior oil mist lubrication. Improved oil seals 
keep the lubricant in and foreign matter out. 


More dependable power transmission... higher 

capacity and longer wear life with Duti-Rated : B 1 to 125 HP. 
Lifetime helical gearing. Carefully controlled heat [ee 

treating processes give file-hard tooth surfaces, 


tough ductile tooth cores. Siiake double dul Stale citeeiiok-cvelabie 
with output speed 750 to 7.5 RPM. 


Permanently accurate alignment of shafts, gears, 
bearings and seals assured by extra-rigid, cast 
gear housing. Alignment can’t be distorted by 
overhung loads, uneven mounting surfaces, impact. 
Quick easy disassembly for inspection or mainte- Century Gearmotor with shelf-type motor base. 

nance without disconnecting from driven equipment. 

Ideal for use on equipment for plants 
where motors must be interchange- 
able. Uses Century standard hori- 
zontal motor. 


Century Gearmotors are Performance-Rated for 
precise application to your equipment require- 
ments in the full Century range of motor size, speed, 
torque, mounting. Available in drip proof, explo- 
sion proof or totally enclosed frames. 


Investigate these improved Century Gearmotors now. For further details, call 
or write your nearby Century District Sales Office or Authorized Distributor. 


rmance- e © . 
pei See: CENTURY ELECTRIC COMPANY 


MOTORS 
1/20 to 400 HP 


63 1806 Pine Street © St. Lovis 3, Missouri Offices and Stock Points in Principal Cities 
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With National Seals 


Quality control isn’t a myth— 


it’s a crusade! 


At National, quality control is based on the oil seal industry’s 
most rigid manufacturing specifications. It begins with critical 
examination of raw materials. It includes constant checking of form tools 
and molds. It extends to exhaustive optical examination of all seal components 
by an exclusive process developed at National. (In this process, seals are 
cast and cross-sectioned, and an optical comparator used to show exact 
shape and position of every seal part, mounted on the shaft or 
unmounted.) And always, there are extensive and continuing operating 


and ‘‘jeak’’ tests of finished seals. 


For proved dependability, specify National seals. And for prompt, 
knowledgeable help on sealing problems, call your 


factory-trained National Seal engineer. 


NATIONAL SEAL Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; Plants: Van Wert, Ohio, Downey and Redwood City, California 


National Field Engineers At Your Service: Chicago, III., Room 462, McCormick Building, HArrison 7-5163 
Cleveland, Ohio, 210 Heights Rockefeller Bldg., YEllowstone 2-2720 * Dallas, Texas, 2520 West Mockingbird Lane, FLeetwood 2-7541 
Detroit, Mich., 13836 Puritan Avenue, VErmont 6-1909 + Indianapolis, Indiana, 2802 North Delaware St., WAlnut 3-1535 
Milwaukee, Wis., 647 West Virginia Street, BRoadway 1-3234 * Newark, N. J., 1180 Raymond Blvd., MItchell 2-7586 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Resistor 
for temperature telemetering 


Type 1371 Tape On surface tem- 
perature resistor for temperature 
telemetering can be applied to any 
surface. Sensing element is applied 
by pressing thumb over a small 
piece of mylar tape. Having an 
output up to 5 v without amplifi- 


cation, the resistor can be used di- 
rectly in a commutation circuit 
to modulate standard telemetering 
transmitters. Resistance change 
over specified temperature range 
is 100 ohms. Resistor is available in 
ranges from —300 to 400 F. Size 
of the unit is 4, x 5/16-in.; ac- 
curacy is +2 per cent of full scale 
range. Trans-Sonics Inc., Box 328, 
Lexington 73, Mass. 

Circle 787 on page 19 


Nonoverloading Amplifier 
output is unaffected 
by counting rate 


Model 155 amplifier is for high 
counting-rate applications requir- 


ing gain stability, linearity and 
nonoverloading properties. Suit- 
able for use with scintillation and 
proportional counters, unit will 
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SPECIALS." 


@ Reasons Behind Brad Foote Quality 


e The craftsman shown below is loading a gear into one 
of the latest additions to BRAD FOOTE’S long list of speciai- 
purpose machines. The only one of its kind in existence, this 
new shaver can straight or crown shave gears up to 51” in 
diameter. Normally accommodating gears with shafts up to 
142” between centers, it can handle even longer shafts by 
using special journals. Specially designed, the new machine 
will shave either internal or external gears. 


Spur ¢ Bevel © Helical 
Spiral Bevel * Herringbone ¢ Zerol 
Worms * Worm Gears 


MAKES Reducers * Transmissions =e 
i * 


"ay, Ta. 
a ns 


e Costly special machines such as this are important in 
providing the extra quality at lowest cost which is the hall- 
mark of BRAD FOOTE gears. But these are only part of the 
story. Even more important, perhaps, are the men who man 
these machines— experienced craftsmen with long experience 
in producing gears to meet the most exacting and specialized 
requirements. 

e BRAD FOOTE’S facilities are at your disposal whether you 
need one gear or a long production run. We would sincerely 
appreciate an opportunity to discuss your requirements or 
quote on your specifications. Your inquiry will receive prompt 
attention. 


Brap Foote 
Gear WorKS, INC. 


1308 South Cicero Avenue « Cicero 50, Illinois 
Bishop 2-1070 « Olympic 2-7700 « TWX: CIC-2856-U 
AMERICAN GEAR & MFG. CO. PITTSBURGH GEAR COMPANY 


subsidiaries Phone: Lemont 920 Phone: SPalding 1-4600 
Lemont, lilinois Pittsburgh 25, Pennsylvania 


Circle 561 on page 19 














Frestionel Horsepower 


VARIABLE SPEED 
PULLEYS 


FRONT MOUNTING 








1350 ECONOMY 
PULLEY % TO ‘4 HP. 





COMPOUND 
DRIVE PULLEY 
%2 TO % HP. 








Ae 


— 


Economical— 
low in initial cost .. 


. easily in- 
stalled on old or new equipment. 


Minimum Maintenance— 
simple construction assures trou- 
ble-free operation . . . lifetime 
lubricated with oil-impregnated 
bronze bushings. 


Constant Belt Alignment— 
inner and outer pulley sheaves 
open equally to provide smooth, 
infinitely variable speed ratios 
to 8 to 1. 


No Slippage— 

Sure grip of belt sides delivers 
full traction under all load con- 
ditions...result is greater horse- 


power carry capacity. 
* catalog! 
_ Wie today. 
LOVEJOY FLEXIBLE COUPLING CO. 


oe ~/ 4818 W. Lake St., Chicage 44, ili. 
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Get the new 
12-page Lovejoy 
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trigger at 1.5 megacycles. Signal 
emitted may be fed to external 
fast scalers or coincidence circuits. 
Beva Laboratory, Box 478, Trenton, 
N. J. 

Circle 788 on page 19 


Temperature Test Chamber 


has testing range from 
—65 to 600 F 


Model TC-4 temperature test cham- 
ber for ambient testing of prod- 
ucts up to 600 F has a product ca- 
pacity of 600 cu in. of working 
space and testing range from —65 
to 600 F. Each test tray is pro- 
vided with fifteen %,-in. diameter 
openings for electrical or mechan- 





ical conections to the product un- 
der test. Unit is compactly de- 
signed for portability. Anticipator- 
type thermostat limits maximum 
temperature fluctuations to less 
than 4 F. Heating element is two 
750-w finned strip heaters, and 
dry ice is used for cooling. Elec- 
trically operated blower assures 
continuous circulation and complete 
mixing of air within test chamber. 
Statham Development Corp., 12411 
West Olympic Blvd., Los Angeles 
64, Calif. 
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Ratio Plotter 


for laboratory 
testing purposes 


Automatic and continuous ratio 
plotter saves laboratory testing 
time, eliminates data reduction, and 
speeds test evaluation. Unit plots 
a complete vibration tzansmissibil- 
ity curve in strip-chart form dur- 
ing vibration test cycle for immedi- 
ate evaluation of equipment per- 
formance. Unit ratios any para- 
meters that can be indicated by 
two ac voltages, such as stresses, 
loads, flow rates, displacements, ac- 
celerations and pressures. Range 
of four full-scale settings permits 
plotting of ratios from 0-0.2 to 








NLACTIINGE L1/R51GiN 


Clean, uniform, exact heat 
to match the size 

and shape of your 
production equipment 


~~ 


CHROMALOX 


Electric Strip Heaters 


Quickly and easily bolt or clamp 
Chromalox Electric Strip Heaters 
to your platens, dies, kettles, tanks, 
pipes, ovens, air ducts, for the 
many advantages obtained only 
with electric heat. 








Lengths 4” to 96” Widths %” to 24%" 
Cross-section curving or gear bending. 
Ring Diameters 24%” ‘o 1 
115, 208, 230, 480 Volts 35 to H 000 Watts 
Sheath Materials: rust resisting iron, high 
temperature chrome steel, Monel 
Choice of convenient terminal placements. 


FREE BULLETIN 


Call your Chromalox Represent- 
ative . . . of write today for 
Bulletin F1566. 











Ed 





win L. Wiegand Company 


7575 Thomas Boulevard, Pittsburgh 8, Pa. 


m c-2108 
OMA, 





adi yt"\ 
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Now available from Howard Industries, Inc. is an 
exclusive Miniaturized Induction motor with ail the 
features of an ultra modern power motor for use in 


tape recorders, communication equipment, office 
machines, turn table, movie projectors, air craft, 
instruments, electronic devices and many more 


MINIATURIZED 3.03. 
Special design of magnetic and electrical circuits 


(24/20 slots), sinusoidally distributed windings, 

internal rotor slotting combined with unique mechanical 
pe OW. A Wy D M oO D E L 3 2 0 0 features result in exceptionally quiet operation, low 

level magnetic hum, reduced external magnetic field, 

low temperature rise, minimum cogging and hunting. 

Howard’s Model 9200 has been rated by experienced 


f N D U C T | O N engineers as the finest small induction motor on the 
market. 


Performance ratings of these motors are outstanding, 
comparable to those of considerably larger frame sizes. 


R For complete details, engineering drawings and 
M O TO samples, write, wire or phone HOWARD today. 
unusual power in a small frame size 


HOWARD MODEL 9200 Permanent Split Capacitor, Single Phase, 
50/60 Cycle Induction, Torque, Synchronous Type—Also available 
in two or three phase designs. 


CONSTRUCTION SPECIFICATIONS: 


General: Open, self ventilated, versatile mount construction. Laminations are 
stamped from high grade silicon electrical steel. The stator core is housed inside 
a rigid framework consisting of the two aluminum die cast end brackets tele- 
scoped into each other with both rabbets precision machined from bearmg bores. 

This type of construction eliminates the danger of bending out of shape of the 
stator structure which is possible in a conventional skeleton type motor. 


Bearings: Motors can be supplied with porous bronze sleeve bearings of self 
aligning or rigid type. An adjustable thrust and end play device is provided with 
each motor for horizontal, vertical, or thrust loading. With sleeve bearings, large 
felt oil reservoirs are provided. At request, motors can be supplied with perma- 
nently lubricated sealed or shielded ball bearings. 


Mountings: Motor frame is designed to permit 6 types of mountings: 
Rigid pad or base Flange mounting 
Recessed pad Extended nut or thru bolt 
PERFORMANCE COMPARISON TO CONVENTIONAL Resilient ring (small and large size) Face mounting 


MOTOR OF THE SAME OUTPUT RATING Frame Size: 2% x 2% with overall length of 4142 for 9210 frame and 41342 
for 9214 frame. 


Ratings: Single phase, 115, 50/60 cycle, permanent split capacitor, continuous 
duty, 40° C. rise and 2 & 3 phase 230 volts, 50 to 60 cycles. 


SE ]  Maware swe-ani4 Induction Type:  (RWH 9210 & 9214) 2, 4, 6, & 8 Poles 
ca 75 778 HP Range: 1/300 to 1/30 Hp 


Volt Torque Motors: (RWC 9210 & 0214) 4 & 6 Pole 
oe. Torque Range: 5 to 12 Inch-Ounce of Stalled 
apaci ; ; Torque Cogging of 6 pole motor + or —2% 


Capacitor 
Load Torque . - In. . - in. Reluctance (SWC 9210 & 9214) 2 & 4 Pole 


Line A i t ‘ ‘ 
tine Watt (input) Synchronous: HP Range 1/250 to 1/50 HP 


Power Factor Hysteresis (HWC 9210 & 9214) 2, 4, 6, & 8 Pole 


Efficiency ‘ . 
Temperature Rise °C ; : Synchronous: HP Range: 1/250 to 1/75 HP 


foarte o oo HOWARD MOTORS: Universal & D.C.—1/200 to 1/2 HP, Shaded 
Pull-out Torque 3 . in. 12 oz. in. Pole—1/2000 to 1/8 HP, Induction— 1/1400 to 1/4 HP, 
Servo Motors - Gear Motors - Blowers 


reluctance synchronous single phase 
permanent capacitor type 




















HOWARD INDUSTRIES, INC. 1735 State St., Racine, Wisconsin/Teletype: RAC 344 


Sales Offices: - 208 S. La Salle St., Chicago 4 - 942 S. La Brea Ave., Los Angeles 36 - 
Room 4822, Empire State Bidg., New York 1 


DIVISIONS: En6 ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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ulep ia CYLINDER 


mypRauic AND BOOSTERS 


“IN STOCK’ 


See Miller Bulletins A-105K (Air) and H-104K (Hydraulic) for Complete 
Dimensions and Engineering Data on these “in-stock” sizes and other Custom 
Miller Cylinders in bores up to 20 and strokes up to 22 feet. 

HIN-STOCK" MODELS “W Saaitos Miler 300 te Se ee 


MOUNTING HOLES 














ASO & H50—Tie Rods not 
i ee extended beyond nuts. 
MOUNTING HOLES AS1 & H51—Tie Rods ex- 
tended both ends (shown). 
AS2 & H52—Tie Rods ex- 
tended. Cap End only. 
AS3 & H53—Tie Rods Ex- 
tended. Rod End only. 
























. - A63—8” Bore only A64—8” Bore only AS4 & H54—Two Tie Rods 
Bo pee dr be > — ir Penne Sy a Flange Mounting on Rod End | Flange Mounting on Cap End extended at both ends. 








A72 and H72 A74 and H74 A77 and H77 
Side Lug Mounting Side Flush Mounting Side or Foot Mounting 


























































































































































































































































































































A81 and trunnion Mounting | A82 and Trunnion Mounting | A83 and —ee A84 and H84 A8&6 and H86 
H81 on Rod End H82 on Cap End H83 lene week delivery) Pivot Mounting Pivot Mounting 
S Dp R 
: P| 80 Yintiomn] EN ASTOCK!! STROKES (in nchen reo 
1Y, 56” k, 20 Cushioned 3/4/5/6/7/8 O;Tl y a) 82, 84 ond 86 with 
N 2 o Non-Cush. | 1 | 2] 3] 41 5| 6] 7/8} 9110] 114 12 ti —— 18” require 
2 56” 7/ 20 Cushioned k 4 5 6 7 3 9 10 1 12 14 16 3 20 4) 4 8 32 36 ) theca strength re- 
A 6" Non-Cush. | 1/ 2/3/4151 6|7 9110} 11} 12 4/16 20 |]22 | 24| 28/3 — quires larger diameter 
yy 2\2| 56” X, 20 Cushioned 31415161718] 9{10/11 4/16 2| 24 6 piston rods for the fol- 
“ 6-4" | Non-Cush. [11 213[ 41516] 718] 9] 10 2 114116178 |f20 [22124] 28132136 wie 
; 7 7 ——e Air Cylinder Models 
-' 3%] 1” | %-16 Re 314151617 i8t71 10 giteiic wrart A82, 84, and 86 with 
7 7 Non-Cush. | } 31.415) 6/7 9| 10 2114) 16 20 | 22 | 24 | 2 8 32 strokes inside area (1), 
” 3,. Cushioned 314:516|7 9110/11)12 114/16 20 | 22| 24 | 28 36 when operated ot 100 
OR] 4 | 1 | 4-16 ee tat aratste terete tot tie ia ete solo 2a 28 [B21 36, pal end overs, 
oly. Cushioned 31415] 6/7/8/9)10/11| 12/14 | 16 20 | 22] 24 36 ith ke insid 
Cy 5 |” | %16 [oven Trlatatatstel7fels bolts fiatis tet aot 23 ae lize a2 LQ) sieo (2) ond Model 
K 6 1%”| 1-14 Cushioned 3/415 7 r 6 20 #2 24| 2 H82, 84, and 86 with 
8 Non-Cush. | 7/2] 3) 4151617 7 11] 12114/16 20 | 22 | 24 | 2 strokes in area (4), 
8 1%”| 1-14 Cushioned 314151617 9110/11] 12114116 20| 221241 28132 136] ae at 2000 
8 “14 [Non-cush. [7] 2] 3] 415] 61718] 9110] 11] 12 | 14116] 18 | 20| 22] 24| 28132/36)(4) Puondowr 
wily Cushioned > Ul +4 with strokes inside 
re) H 12) % K-20 Non-Cush. | 11/2131 41516171819 L113 @ orea (3), when oper- 
Y 2 W” | %-16 Cushioned 3/415 718 1112114116 3120/22/24! 281 32 @) ated at 1000 psi and 
Rj? . Non-Cush. | 1121 3|4|5161718191 10 2114116 20 | 22 [24128132] 36 Rcetiiiaiits tee 
Riowl 1” | %-16 Cushioned 3/4/516|7 ¢ 2114 16 20 24 | 28 | 32] 36 nion Pin location, “A” 
£ : ’ Non-Cush. | 1} 2/3/}4/151617 9110 2114106 20122 | 24| 28 | 32 36) and “H” Models 83 with 
A i 7 c nia 7 A917 standard diameter piston 
3M 1%” 1-14 Cushioned S145igi7i8 = ‘ £ £4ls 7 36 rods can have longer 
5 U 4 Non-Cush. | 1] 2/3} 415161 7)/ 8) 9] 10 2 4116 20 | 22] 24 | 7 32136 strokes than Models 82, 
ula Ti" t1 ura | Sestioned 3141516171819110 2114116118] 20 1221241 28132136] 84 ond 86. 
ely ” ah Non-Cush. | 1/2131 415/6[7/8/91]10 2114 [16/18] 20] 22] 24 | 28 | 321 36 Mo Miller File #281 
es Y%. Cushioned 3|4/5| 6/7/ 8) 9} 10] 11] 12 | 14/16 | 18 $20 | 22 | 24 | 28 | 32] 36 en apincng dl cabs 
we [5 | 2” [14-12 ee rtapatatstetotetotiolir iia tis felie fool zal seco selon — 































































































4 
Immediate Delivery on the following Miller 25 to atio Boosters (80 psi air input pro- 
BOOSTERS duces 2000 psi hydraulic oil output): Model B4, 5” bore, 1” dia. ram, 6” and 12” strokes; 
IN STOCK Reciprocating Booster Model DA77-RBA8, 5” bore, 1” dia. ram, 6” stroke. Also Booster 
Tanks, 5” dia., 6” and 10” heights. 


MILLER FLUID POWER DIVISION 









@) Write For Catalog 
~ and Stock Price List 


OF cory 


| A ny 


2006 N. Hawthorne Ave., Melrose Park, Ill. 


. } : ’ 
Circle 565 on page 19 AIR & HYDRAULIC CYLINDERS + BOOSTERS“ « ACCUMULATORS 
COUNTERBALANCE CYLINDERS 






























Engineering Equipment 





0-100. Range for denominator of 
ratios is 0-20, 0-50, 0-100, 0-200, 
0-500 mv and 0-1, 0-2, 0-3, 0-5, and 
0-10 v. Frequency response is +2 
percent from 5 to 2000 cps and 
+2% percent from 2000 te 4000 
cps. Chart speed is variable from 6 
to 960 in. per hour in 16 steps. 
Barry Controls Inc., Dept. T, 822 
Pleasant St., Watertown 72, Mass. 

Circle 790 on page 19 


Laboratory Furnace 


produces 
heats to 2000 C 


Laboratory vacuum furnace is suit- 
able for melting, annealing, braz- 
ing, sintering and degassing. Sta- 
bilized zirconia crucible, 3 in. ID 
by 6 in. high, melts 12 lb of steel 
at up to 2000 C. Substitution of 


horizontal-type muffle furnace with 
hot zone of 6 in. ID by 12 or 24 in. 
long permits processing at temper- 
atures to 1050C. Vacuum system 
evacuates chamber to less than 
1 x 10° mm Hg when cold, dry, 
and out-gassed. High Vacuum 
Equipment Corp., 2 Churchill Rd., 
Hingham, Mass. 

Circle 791 on page 19 


Pressure Transmitter 


has large dial 
for easy reading 


Indicating pressure transmitter, ac- 
curate to +14 percent of scale 
range, is for pneumatic transmis- 
sion of pressure measurements. 
Unit measures pressures from 0 to 
30 in. of water to 0 to 6000 psi, 
transmitting a 3 to 15-psi air sig- 
nal to indicating, recording or con- 
trolling instruments. Transmitter 
has indicating dial with markings 
readable at distance of 20 ft, elim- 


inating separate field gage. Brack- | 
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.. another job 


done better with UNITCASTINGS! 


Faced with a problem of economically producing a 

starter housing that would take more than normal abuse, 
Unitcast engineers successfully provided the answer with 
steel castings. Previous to the use of Unitcastings, 
replacement costs were excessive and the need of a 
tougher material was imperative. Cost was also an 
important requisite, and by delivering consistent quality 
in conjunction with a tougher material—scrap and lost 
time has been held at a minimum. To date, more than 
33,000 units have qualified with a higher basic cost being 
offset by practically no replacement and most important 
—a lower finished cost! 


Take another look at the finished cost of your parts inventory 
—perhaps you can do better with Unitcastings! Consult a 
Unitcast engineer, soon! 
UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 





QUALITY 
STEEL 
CASTINGS 


Unitcast 
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- WITTEK MANUFACTURING COMPANY 
4349 West 24th Place « Chicago 23, Illinois 





WHAT’S YOUR CLAMPING PROBLEM? 


WITTEK 
HAS THE ANSWER 


Here is a selection from among the 
many different types and sizes of hose 
clamps designed and manufactured by 
WITTEK. Whatever the hose connect- 
ing problem, it’s asafe bet that WITTEK 
(leader for over a quarter century) has 
the exact type and size clamp to do the 
job right! Let WiTTeExk help solve your 
clamping problems. Write today. 


Circle 567 on page 19 








Engineering Equipment 





et permits wall or pipe mounting of 
unit. Size is 8% in. high, 5% in. 
wide and 41% in. deep; weight is 
8 lbs. Foxboro Co., Foxboro, Mass. 

Circle 792 on page 19 


Miniature Control Unit 


ultra-sensitive device 
controls up to 500 w 


Portable, miniature control unit is 
an ultra-sensitive, heavy-duty elec- 


| tronic switch that will control up 


to 500 w, either delivered at 115 v 
ac, 60 cycle, or switched by in- 
ternal contacts. Minimum input 
impedance is 2 megohms. Unit 
can be used with many types of 
transducers or detector devices, or 
may be actuated directly by any 
minute electrical contact. Autron 
Engineering Inc., 1254 W. Sixth 
Street, Los Angeles 17, Calif. 
Circle 793 on page 19 


Temperature Control 


has fail-safe 
electrical circuit 


Model HL 15-10 high-temperature 
limit control is for fast-acting pre- 
cision control of critical tempera- 
tures. Unit cuts off heat when 
predetermined limit is exceeded. 
Bulb temperature is indicated on 
calibrated scale. Snap - acting 
switch in control circuit is manual- 
reset type, and circuit cannot be 
re-established until reset button is 
pressed. A second switch, normal- 
ly closed, opens only if tempera- 
ture drops below lowest expected 
ambient temperature. This provides 
a fail-safe feature, as any loss of 
fill in thermal element will cause a 
drop in indicated temperature 
which will actuate the switch and 
prevent a start-up of the process 
being controlled. Scale and ele- 
ment ranges available are 0 to 900 
F and 0 to 1100 F. Partlow Corp., 
New Hartford, N. Y. 

Circle 794 on page 19 


MACHINE DESIGN 








Farrel’ speed reducers 
get a physical 


checkup 


Setup for testing two high-speed units to observe per- 
formance under various conditions of load and speed. 


Recently, the Farrel line of speed 
reducers was re-engineered, rerated 
and expanded to increase the horse- 
power in relation to size, and to ex- 
tend the advantages of the units to 
additional applications. 

A vital phase of this program was 
the physical research involved. The 
many improvements and consistent 
high quality found in the new line 
are a result of exhaustive experimen- 
tation which was carried on in con- 
nection with every aspect of speed 
reducer manufacture. Pictured here, 


FARREL-BIRMINGHAM COMPANY, 


are some of the facilities and equip- 
ment employed in the Farrel labora- 
tory and shops for checking and 
testing gear units. 

Toughness...stamina...long life 
... these are the qualities of Farrel 
units which stem from the sound de- 
sign, the high-grade materials, and 
the step-by-step precision that go 
into their making. Investigate the 
broad new line of Farrel speed re- 
ducers. For further details, send for 
a copy of Bulletin 450. 


INC. 


ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. 
Sales Offices: Ansonia, Buffalo, Boston, Akron, Ann Arbor (Mich.), Chicago, Minneapolis, 
Fayetteville (N. C.), Los Angeles, Salt Lake City, Tulsa, Houston 


-Stemingham 


FB-1116 
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The mark of an 
Extra Dependable 


machin Stress 





POWER 
for the 


oil and chemical J, NGINEERS are a breed apart 
—by their own definition or 


industries as seen through the eyes of some- 
Hi one else. A librarian, for example, 
ne has ample opportunity to observe 
many specimens and to classify 
them. 

Dr. Margaret Holtman, librarian 
for P. R. Mallory & Co. Inc., In- 
dianapolis, and artist Stan Hasse 
have collaborated in the prepara- 
tion of this report on the engineer- 
ing species: 





The Library Zoo 


Mr. Biblio Maniac 


The hoarder; he keeps everything on or 
in his desk. (Try to get it back.) 


It takes rugged power to pull oil 
from the ground . .. to push 

chemicals through networks of 
processing tubes... the kind of power 
that Electro Dynamic standard and 


special motors furnish. 
The red E. D. “power spot” is your Mr. O. U. Gremlin 
I returned those reports. Why don’t you 


assurance of extra dependable ees j 5 : 
Electro Dynamic power .. . over | = <8 red agecteg ase straight! (He finds 
75 years in developing... yourstoday | _- : = ; 

at no extra cost! 


ELECTRO DYNAMIC ae 


DIVISION OF GENERAL DYNAMICS 
% Where, oh where, did I put them? I 


re believe I returned them; didn’t 1? (He 
| reloans catalogs, books, etc., and doesn’t 
a ee E remember to whom he loaned them.) 
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When measuring high limits 


When gaging gages 








DON’T 


turn fixed gage onto screw 


DON'T a 
when setting fixed gage 


























cs 


. 
AN 


turn screw into gage with a 
. conventional wrench 


DO turn plug by the shank with 2 
~—<=——"|_ fingers to insure correct torque 











DO _ tvrn screw into gage holding 
head by 2 fingers to insure 





check variable gage for ex- 

















These illustrations from new SPS booklet show some of the do’s and don’ts of gaging precision threads. 


3A threads: what they are; how to 
gage them — new SPS booklet tells all 





Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 18, Pa. 
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Form 2239, “Class 3A Threads: what they 
are; how to gage them.” 16 pages, with 
many illustrations. Write for free copy today. 


STANDARD PRESSED STEEL CO. 


SS 
UNBRAKO socker screw Division 


JENKINTOWN PENNSYLVANIA 
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%*& Model 1AM %& Model 2AM 


%& Model 4AM 


%e Model 6AM 





atid 


ie Model 8AM 


GAST*. AIR MOTORS 


offer explosion-proof, variable-speed 
power that’s surprisingly compact! 


Here’s the complete 5-star line of Gast 
rotary-vane Air Motors . . . offering 
ten unique advantages on products or 
applications located near a compressed 
air source: 


a 


mable atmospheres. No sparks, no danger! 
. Low initial cost compared to other motors. 
. Variable in speed with simple valve control. 
Can’t burn out if overloaded or stalled. 


Rotor vanes take up their own wear. 
. Quickly attached to plant air lines. 


. Ball-bearing; almost service-free design. 
. Mechanically simple, neat in appearance. 


SLHMNAMAWDHD 


—_ 


As original equipment, Gast Air Motors 
are driving pneumatic hoists, mixers for 
paint and chemicals, fans, blowers, fuel 
hose-reel rewinders, liquid pumps, thread 
spooling machines and many other prod- 
ucts. Right or left rotation available. 
Housings available with or without 
foot on most models. 


GAST MANUFACTURING CORP., 
P.O. Box 117-P, Benton Harbor, Mich. 





. Explosion-proof power in explosive or inflam- 


Reversible rotation optional on 4AM and 8AM. 


MODEL 1 AM 
Ye ACTUAL 





Note the simple principle and 
trouble-free construction. 





. Amazingly compact and light for h.p. delivered. 





PERFORMANCE TABLE 





Model 
No, |R.P.M. 


HORSE POWER 
at 60 PSA. 


ot 99 P.SJ. 


wt 
Lbs. 





1 AM | 2,000 


5,000 


0.1 
0.21 


0.13 
0.30 


i” 





2 AM {1,000 


2,000 


0.22 
0.40 


35 
57 


5% 





4AM11,000 


2,000 


0.48 


7% 





6AM} 500 


2,000 


18 





8AM 500 


1,500 

















25 








For complete performance 
data, write for Bulletins! 
Specify models that 


interest you. 


Original Equipment Manufacturers for Over 25 Years 


GAST 





ROTARY 


TO 4 HP. 


TO 30 P.S.1. 


» AIR MOTORS 

» COMPRESSORS 

» VACUUM PUMPS 
TO 28 IN. 


SEE OUR CATALOG IN SWEET’S PRODUCT DESIGN FILE 
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Stress Relief 





Mr. Gene E. Yuss 


I dunno where they are. Don’t bother 
me. (He’s in a fc.) 





Mr. Rip van Winkle 


He waits until closing time to ask for 
literature, after the library is locked. 


Prof. Absent Minded 


He wants the little blue book he bor- 
rowed a year ago, but he doesn’t remem- 
ber the title. 


VO 
west 5 al 
-. 
—> 
Mr. Undee Cided 
He doesn’t know what he is looking for, 


but it is on the shelf somewhere. 


re . 


Mr. Eger Beaver 
Did my book come in yet? 
hour, every hour.) 


(On the 


Mr. Ima Gointo 


Yes, I'll bring the book back tomorrow. 
(Tomorrow never comes.) 


Circle 572 on page 19> 
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A-B protector 
opens control circuit in 3 to 4 cycles...under all load conditions 


When men, motors, or the driven machines can be 

“hurt” by “phase failure” or “phase reversal” . . . the 

new Allen-Bradley Bulletin 812 should be used as a low 

cost and reliable “safety” insurance. It detects phase 

failures and reversals electrically, and within not more 

than 3 or 4 cycles, opens the motor control circuit— He 

regardless of motor load (including no load)—and thus . [aeMe@ld Bee | «Bulletin 812 Type A 

stops the motor. - ia | phase failure relay 
The Bulletin 812 Type A relay protects motors — 5 7§ swaps sa 

, P . ; against loss 

against all phase failures. The Type B relay protects : ts ches 

motors against loss of a phase and reversed phase rota- gia 

tion. For the first time, dependable protection is pro- 

vided for motors supplied by Wye-Delta and Delta-Wye 

power systems having the neutral ungrounded or not 

connected to the circuit. 


Bulletin 812 relays offer positive protection against 
motor or machine damage due to opening a primary 
line—and under all “load” conditions. No field adjust- 
ment is required. Remote reset is inherent. Further- 
more, as a static device which does not rely for its op- 
eration on “motor” revolution the possibility of failure 
to operate is eliminated. 


Bulletin 812 Type B phase 
failure and phase 
reversal relay protects 
a 3-phase motor against 
Bulletin 812 relays are built in four sizes which will both loss of a phase 
reliably protect motors with full load currents from 1.25 and phase reversal. 
amperes to 300 amperes. Let us send you more infor- 
mation about this dependable answer to phase failure 
and phase reversal problems. 





¥ 


ALLEN-BRADLEY Aten-bradley Co 


er ; 1316 S. Second St 


Milwaukee 4, Wis 





Neu 


CAN BE WIRED 
IN. HALF THE TIME! 














CONTACT MECHANISM IN THE WIRING TERMINALS IN THE BASE 
COVER—COMPLETELY PROTECTED —COMPLETELY EXPOSED 

FROM CARELESS SCREWDRIVERS FOR EASY WIRING. 

AND CARELESS WIRING. 





Here’s an entirely new idea in push button stations—a wrap- Bulletin 800 standard-duty 
around cover which contains and protects the contact mecha- push buttons—with siveng, 
f % 2 : gray, molded cover are 
nism. Removing the cover exposes all terminals for instant and “good-looking” and"safe” 
easy wiring. Heavy, silver plated contacts connect the push in eperotion, AA aatinns 
2 s p a have dual knockouts, top 
button assembly in the cover with the terminals in the base. end botion, 
Matching ribs in the cover and notches in the molded ter- 
minal base eliminate the possibility of having wiring connec- 
tions made incorrectly. A molded, bakelite shield protects the 
contact mechanism and prevents careless wiring from inter- 
fering with contact operation. All push button contacts are 
silver and of the double break construction. 
Specify the new Allen-Bradley standard-duty station on 
your next order. Its installation time-saving feature, alone, 


should make you a regular customer! 


SELECTOR SWITCH 


You can’t beat this for convenience—a selec- 
tor switch with the same easy-to-wire con- 
struction as the push buttons, shown above 
—plus the feature that you can change—in 
seconds—from two position to three position 
(or vice versa)! The correct name plate is 
furnished with each switch. See for yourself 
how easily this is accomplished. 
\ Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
CHANGE IT FROM 2 POSITION TO 3 In Canada—Allen-Bradley Canada Ltd., Galt, Ontario 


POSITION (or vice versa)..,in 30 Seconds! 








Stress Relief 





Mr. Unsoph Isticated 


Indexes aren’t necessary. Let ’em root 
for it! What did they do before they 


had a library? 


Mr. Indig Nashun 


Yes, I returned them! I keep a record 


‘ 
Captain M. E. Doitt 


(Of the Swiss Navy Project.) He repairs 
TV’s on the side. He also has an ama- 
teur radio station. (He takes up your 
time for you know what.) 


yuu 


wes 


Mr. Super Duper Snooper 


He comes in the library at noontime and 
messes up the stacks you have ready for 
routing. 


Mr. Cy Clone 


He is in a hurry, he can’t wait. He wants 
reports before they are published. 


Mr. be Patron 


Journals? I never keep them. I alwavs 





Felt Stands the 


Gaff 


..- FROM-—-8O°F 
TO 250°F 


FELT IN USE .. . Small motors use felt 
washers, rectangles, odd shapes and wicks 
in many places to increase reliability, like on 
this Redmond Micromotor shown here. Felt 
wicking and pourous bronze bushings pro- 
vide positive lubrication for long, heavy- 
duty operation in any position. Felt seals also 
keep dirt and dust out of vital areas. 


Felt by Felters has what it takes 
when operating conditions are ex- 
treme. 

Stands over 30 days at 250°F of 
dry heat without materially weak- 
ening its structure. Same at — 60°F 
as at normal 74°F and at — 80°F its 
properties are only slightly dif- 
ferent. Even when exposed to 
greater extremes, felt will always 
resume its natural feel. 


Send for Design Book 
Complete technical data has been 
prepared for your use in selecting 
and specifying the right felt for the 
job your product has to do. Send 
for it today. The Felters Company, 
220 South St., Boston 11, Mass. 


Ct Che Cat, > I 





ELTERS 


Representatives in All Principal Cities 


return them. (Oh?) 


(Concluded on Page 268) Manufacturers of Felt and Felt Products 
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Designing with BAKELITE Plastics 


e@ New material for vacuum-forming 


e@ Electric shaver’s comb framed in plastic 


e Coating improves appearance, saves in production 


When you're working on a new design idea, find out if 
there’s a plastic ready and waiting to help do a better 
job. A Bake ire plastic can often extend the range of 
your ideas—help get a jump on competition because 
there’s something new in plastics just about every day. 

In plastics, Bakelite Company is your leading source 
of information, as well as of materials. For 46 years it 


has been a leader in the field, offering the widest variety 
and number of plastics and resins. You can choose from 
BakELITE Brand Phenolics, Vinyls, Styrenes, Polyesters, 
Polyethylenes, Epoxies, Silicones, and Impact Styrenes. 
In addition, Bakelite Company offers the aid of its ex- 
tensive laboratory facilities and technical resources in 
applying modern plastics to your problems. 


> 


eee ee ee 


New Polyethylene Developed for Vacuum-Forming 


New Bake LITE Brand Polyethylene DFD-4030 permits the appli- 
cation of polyethylene to the economical process of vacuum or 
thermo-forming—a development of major importance. 

The first of its kind, DFD-4030 has been specifically com- 
pounded for sheet extrusion and vacuum-forming. This material 
provides ease of fabrication, bright color possibilities, light weight, 
and chemical resistance, together with the economy of vacuum- 
forming. Products made from it possess an attractive appearance, 
characterized by high gloss, complete freedom from skinning, and 
improved stress cracking resistance due to a high molecular weight. 
Colorants are completely dispersed, with no streaking. 

Designers can apply the advantages of production economy, 
deep draws, and eye-appeal to a wide variety of products, includ- 
ing housewares and packaging items. Some typical properties of 
the new compound are shown in the adjoining table. You can get 
more information by writing to Dept. WP103for Kabe.irems No. 7. 


Heater drawn forward over polyethyl- 








Specific Gravity 

(D792-50 Method A)....... 0.92 
Melt Index (D1238-52T).... 1.7-2.4 
Tensile Strength 

(D412-51T) psi .....seee6- 1800 


Per Cent Elongation | 
(D412Z-51T) ..cccccccccee -. 550 


Brittle Temperature (D746-55T), 4 
80% non-failure, deg. C..... —80 
Stiffness Modulus (Torsion) at 
23 deg, C. (D1043-51) .... 22,000 
Durometer Hardness 


(D676-49T) ..... 40 at 75 deg. F. 
28 at 140 deg. F. 
Coloring Properties ...... Unlimited 








Heated polyethylene sheet drapes over 





High gloss is evident on this polyethyl- 
ene sheet being placed in clamping 
frame just prior to vacuum-forming. 


mold before vacuum is applied. DFD- 
4030 is readily deep-drawn to large- 


size sections. 


ene sheet with bow] mold in position, 
Low mold cost is an important advan- 
tage of the vacuum-forming process, 





C-11 Plastic 
crowns the 
newest 


“Remington” 


Take a look at the upper section 
of the new Remington “Rollec- 
tric” shaver—the part that houses 
the cutting head and holds the 
new “Rollectric” steel roller 
combs. Notice the even color and fine finish. Strength without bulk is another of its 
qualities. All these features—strength, finish, color, and good molding details—are char- 
acteristic of BakEeLiTE C-11 Plastic. 

Bakeite C-11, an acrylonitrile-styrene copolymer, is also notable for its superior 
chemical resistance. In this application, it is unaffected by perspiration. It also withstands 
attack by gasoline, turpentine, detergents, ink, coffee, carbon tetrachloride, and food 
acids and oils. As a result, BAkELITE C-11 Plastic is being used for more and more appli- 
cations in the housewares and packaging fields. Write Dept. WT-103 for Molding Technical 
Release No. 12. 


























Cushion coating on handles saves finishing, 





adds selling point 


The sales appeal of color and comfort are just part 
of the advantages resulting from handles coated 
with foamed plastisols based on Bake.ire Brand 
Vinyl Resins. Production benefits too. Hand polish- 
ing and finishing of rough castings can often be 
eliminated . . . applying the coating is fast and eco- 
nomical. Plastisols resist moisture and acids, and 
their smooth surface is virtually dirt-proof. Colors 








—a wide variety—stay true, permit easy visual identi- 
fication. For detailed information on these materials, 
write Dept. WV-103 and ask for “Industrial Appli- 
cations for Dispersions of Vinyl Resins.” 








PHENOLICS 
STYRENES 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [[¥@ 30 East 42nd Street, New York 17, N. Y. 


IMPACT STYRENES 


Cross section shows relative thickness of 
resilient coating that provides a smooth, 
comfortable grip for scissors handles 
and conforms to uneven under-surface. 


There’s more to design with in 






POLYETHYLENES 

VINYLS BAKELITE 
EPOXIES skane 
POLYESTERS PLASTICS 
SILICONES 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 


The term Bake ire and the Trefoil Symbol are registered trade-marks of UCC. 
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(Advertisement) 


ADVANTAGES OF 


FLEXIBLE SHAFTING 


For Power Drive and Remote Control 


By by 
C. Hotchkiss, Jr. 
Applicatién Engineer 


Stow Manufacturing Company 


Flexible shafting has the follow- 
ing advantages over other type 
drives: 


1—it is often the simplest meth- 
od of transmitting power be- 
tween two points which are 
not collinear or which have 
relative motion 


2—eliminates exposed revolving 
parts 


3—does not require accurate 
alignment 


4—easy to install and maintain 


Not Collinear—Where it is neces- 
sary to connect two shafts which 
are not collinear, a simple arrange- 
ment of a single belt or two uni- 
versal joints will often do the job 
adequately. But, in many cases 
where the path of transmission is 
more complicated and would re- 
quire a more expensive arrange- 
ment of mechanical components, 
flexible shafting provides a sim- 
ple, low cost, efficient drive which 
is easy to install because it does 
not require accurate alignment. 
See example, figure 1, in which a 
14-inch Stow flexible shaft is 
used to drive the auger on a G.L.F. 
bulk feed truck. 


Flexible shafting also allows the 
designer greater freedom in locat- 
ing either the drive or the driven 
component on a piece of equip- 
ment. 
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Fig. 1 





Relative Motion — Where two 
shafts which have relative motion 
must be connected, flexible shaft- 
ing is often the ideal means of 
transmission. In many cases it 
eliminates a much more compli- 
cated drive which would, neces- 
sarily, include telescopic joints; 
further, it eliminates the danger of 
exposed moving parts. See figure 
2, which shows a %-inch Stow 
flexible shaft driving an Avery 
Rake built by the Minneapolis Mo- 
line Co. 





Other typical applications of this 
type are used on portable power 
tools when motors are too heavy 
to be mounted on the tool—such 
as portable grinders, sanders, 
paint scrapers, saws and tree tap- 
pers. And, since flexible shaft- 
ing is not affected by vibration, it 
is an ideal drive for applications 
where a high degree of vibration 
is involved—such as in vibration 
testing tables and concrete vibra- 
tors. 


Stow flexible shafts are available: 
for power drive applications in 
diameter sizes from %-inch to 
1%4-inches; for remote control ap- 
plications in diameter sizes from 
\%-inch to 15-inches. The 1%- 
inch power drive shaft will trans- 
mit up to 10 HP while the 1%- 
inch remote control shaft will 
transmit up to 4000 Ib. in. 


For complete engineering data on 
flexible shafting, including selec- 
tion charts, write for engineering 
bulletin 570. 


BINGHAMTON, NEW YORK 
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STOW MANUFACTURING COMPANY. 
11 SHEAR STREET : | 


Stress Relief 





(Concluded from Page 265) 





Mr. Ozo Important 


My work comes first! Send me every- 


thing FIRST! 


ZINN 
Si) 
Cy 
Soe 
LoD 
Mr. Earl E. Burd 


Before you get your coat off, he wants 
you to stop and find something for him. 








Mr. Al Literat 


Reports? I never read ’em. 


Magazines? 
(He likes guessing 


I don’t have time. 
games.) 





Mrs. Anthony 


The librarian, after eight hours of search- 
ing for the answers to a jillion prob- 


lems. 
og MS 
The End 
Oh where, oh where has my little book 
gone, 


Oh where, oh where can it be? 
Its title is short, but its subject is long, 
Oh where, oh where can it be??? 
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| PRE-TESTED CiRCUIT 
only circuit breakers PROTECTION IS 

. INSURANCE 
can ley>) tested | by H. D. Dorfman 


Westinghouse Electric Corporation 


ee rR alel te Sins prove A most important consideration in se- 


lecting a circuit protective device is its 
a = protect at ~ a — 
: or which it is designed. Under-rate 

We Subereaele use A B D re akers devices are nearly as bad, though not as 

hazardous, as over-rated ones. Load test- 

Be ing is the only positive way to be sure 

‘ : a circuit is truly protected. 

Pp rote ct at the Pp LeCisSe rating Obviously, fuses cannot be calibrated 

and load-tested. An operation-tested 

fuse is like a tested match, of no further 

<7 use. Thus, precision protection may not 
you need be assured. 

Circuit breaker accuracy can be tested 
by the manufacturer before shipping and 
retested, if desired, in the field. When 
tested breakers are provided by a repu- 
table company, you can be sure they 
will protect at exactly the rated load. 


Heat-Treating Important 


A number of factors distinguish the 
properly designed and tested breaker. 
Life-long maintenance of calibration is 
assured by several preliminary steps. 
Heat-treating of bimetal subassemblies 
relieves any stresses set up during man- 
ufacture and insures their permanent 
“set.” Failure to heat-treat can result 
in later destruction of calibration by 
load cycles. 

Latching surfaces should be ground 
and polished to eliminate erratic trip- 
ping. Latch members also should be 
heat-treated to prevent wear and distor- 
tion. To insure perfect mating of parts, 
the production and assembly of circuit 
breakers should take place in a tempera- 
ture and humidity-controlled area. 


Tests Verify Calibration 


These tests conducted on all Type F 
breakers made by my company, for in- 
stance, typify the painstaking care 
necessary to assurethe protective quality 
of such devices. 

1. Magnetic elements are adjusted to 
trip at ten times the thermal rating. 

2. After pre-setting of calibrating 
screw, thermal elements are tested to 
trip the breaker at a specific overload, 
within strict limits. 

3. Only after the second successful 
thermal tripping run is the cover assem- 
bled on the breaker. 

y 4. Following a 5,000-volt insulation 
T j j i” check, the thermal calibration is again 
breaker protection is sure and accurate “ test-verified to determine that bimetal 


We . h calibrations were not altered !before or 
’ ‘ during breaker cover placement. 
YOU CAN BE SURE... IF ITS esti ng Hints Such tests assure positive circuit pro- 
tection at the precise rating for which 
the circuit breaker is designed. 


J-30232 
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24.830 successful 
installations ! 


EASTERN D-11 CENTRIFUGAL PUMP 


Why is the D-11 so successful among original equipment manufac- 
turers? Size and weight make it ideal. The D-11 is the smallest, close- 
coupled, single-stage centrifugal pump available with an induction 
type motor. Eighteen pounds of compact design (95%4” x 45%”) make 
it excel in industrial and process equipment, as well as laboratory 
service, and pilot plant operations. 


\ SPECIAL METALS 

A full selection of metals make the D-11 and other Eastern Centrif- 
ugal Pumps versatile performers. Available in 18-8 Type 303 and 
Type 316 Stainless Steel, Monel, Hastelloy “C”, Cast Iron and Bronze, 
Eastern Pumps range from “%th to % H.P. with capacities up to 70 
G.P.M., pressures to 65 P.S.I. 


For complete specifications on all Eastern 
Centrifugal Pumps, request Bulletin 120-G 








INDUSTRIES, INC. 


100 Skiff $t., Hamden 14, Conn. | 
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Recent Books 


Mechanical Design for Electronics 
Production. By John M. Carroll; 348 
pages, 6 by 9 in., clothbound; pub- 
lished by McGraw-Hill Book Co. Inc., 
330 West 42nd St., New York 36, 
N. Y.; available from MACHINE DE- 
SIGN, $6.50 postpaid. 


This book presents information 
concerning special problems of de- 
signing and manufacturing devices 
using electron tubes and transis- 
tors. The treatment gives the 
translation of an aggregation of 
breadboard circuits into an item of 
finished equipment suitable for 
lowest possible manufacturing cost. 
It contains information concerning 
processes and materials including 
sheet-metal work, mechanical lay- 
out, machining, electric and mag- 
netic shielding, use of resins and 
other sealing compounds, mechan- 
isms, electric motors and accep- 
tance tests. 


Partial Differential Equations of 
Mathematical Physics. By A. G. 
Webster; 447 pages, 5% by 8 in., 
paperbound; published by and avail- 
able from Dover Publications Inc., 
920 Broadway, New York 10, N. Y.; 
$1.98 per copy. 


This well-known book, now in 
its second revised paperbound edi- 
tion, covers the basic method, 
theory, and application of partial 
differential equations. Chapters 
include deduction of differential 
equations; wave equations; vi- 
brations; normal functions; Four- 
ier’s series and integral; Cauchy’s 
method; potentials; method of 
Riemann-Volterra; spherical, cy- 
lindrical and ellipsoidal harmon- 
ics; and the theory of integral 
equations. 


Materials and Processes in Manu- 
facturing. By E. Paul Degarmo, 
professor of industrial engineering, 
University of California; 755 pages, 6 
by 9 in., clothbound; published by 
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J&L cold drawn ELECTRICWELD tubing with 
a superior SPECIAL SMOOTH I.D. finish 


Cold drawn ELECTRICWELD tub- 
ing with the superior smooth I.D. 
finish will cut your production costs 
in applications like these: 

cylinder tubing 

hydraulic and pressure tubing 

shock absorbers 

ordnance components 


This new drawn-over-mandrel grade 
tubing with its mirror-like surface 
finish helps reduce or eliminate costly 
machining on many applications. For 
example, it may be used, without 


inside honing, for many cylinders 
through which plungers are passed. 

ELECTRICWELD tubing with- 
stands high internal hydrostatic pres- 
sures; carries heavy torsion loads; 
resists high-frequency vibration. It 
offers a favorable weight-to-strength 
ratio where loading occurs in all 
directions. 

It is furnished in OD sizes from 
¥Y4 inch to 2% inches and in wall 
thickness from 20 to 10 gauge, 0.035 
and 0.134 inch. Send coupon today 
for complete information. 


Jones & Laughlin 


--.a great name in steel 


STEEL 
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Jones & Laughlin Steel Corporation 
Dept. 410, 3 Gateway Center 
Pittsburgh 30, Pennsylvania 


Send me a copy of your cold drawn 
ELECTRICWELD tubing booklet. 


Name__ 





Title 





Company__ 





Address____ 





eens) ___Tone___State_ 
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| The Macmillan Co., 60 Fifth Ave., 
| New York 11, N. Y.; available from 
MACHINE DESIGN, $8.50 postpaid. 


This book discusses basic en- 
gineering materials and manufac- 
turing processes: the design op- 
portunities provided, limitations 

ewe imposed, and translation of ideas 
a a into reality through the methods 
e eC a f— e a available. The materials section 


deals primarily with the selection 





! } oto g tions and how they react to the 
, , various processes. The methods 

: a8 . oom section covers casting and forming, 

P R O V | D el or i OW seis Cc O S 7. ufacturing processes and tech- 
niques. In each chapter of the 

upon what can be done, how it is 

done, and the limitations and rela- 


of materials for specific applica- 
machining, welding, and other man- 

5 we VW M Ot O N ' methods section, the emphasis is 
tive economies involved. 





This gear-head motor, like all Brevel motors, is volume produced 
. to your exact specifications—or you cen order from a wide 





a » gpliydrodymamles. By I. Druden, F 
intermittent). Murnaghan and H. Bateman; 634 
Write, wire or phone today, for informative bulletin MD-104. pages, 54% by 8 in., paperbound; pub- 
Better still, outline your problem or send us your specifications— E lished by and available from Dover 
BREVEL PRODUCTS CORP., 601 W. 26th St., New York 1 - WA 4-4737 Publications Inc., 920 Broadway, New 


Cie 579 en page 19 ie First published by the National 
Research Council of the National 


BRIGGS OFFERS YOU, FREE, A Council of Scientists, this volume 

| offer: omplete covera, of 
12 PAGE MANUAL ON HYDRAULIC pores tet rc ‘The data | 
FLUID CIRCUITS AND HYDRAULIC concerns basic fundamentals that 


OIL FILTRATI ON do not become obsolete. The book | 


| is divided into four divisions: 

| physics of fluids and classical hy- 
drodynamics, motion of an incom- 
| pressibly viscous fluid, turbulent 
flow, and compressible fluids. The 
book has a 3000-item bibliography. 


HERE is a big 8%” x 11”, file size, 12! 
page, fully illustrated booklet. It’s brim- 
ful of technical data and drawings that 
every designer and engineer will want 


to read or keep for ready reference. 





Electronic Computers: Principles 
and Applications. Edited by T. E. 
Ivall; 175 pages 5% by 8% in., cloth- 
bound; published by Philosophical Li- 
brary Inc., 15 East 40th St., New 
York 16, N. Y.; available from 
MACHINE DESIGN, $10.00 postpaid. 


Write for your copy. No obligation. 


A HYDRAULIC 


Kee] OIL FILTERS 


THE BRIGGS FILTRATION COMPANY 
DEPT. 144—WASHINGTON 16, D. C. 


i] 

' 

1 

' 

! 

' AT NO COST or obligation, send me the above booklet. 
i 

- | Name 

' 

' e Company 
1 





This book is a nonmathematical 
introduction to the principles and 
applications of computers employ- 
ing valves and other electronic de- ' 
vices. The treatment is general in 
nature in order to give a broad 
background picture of the whole | 
field of computing. Both digital and 
analog computers are covered and 
comparisons are made between the 
two types. The bulk of the book is 
devoted to describing their circuitry 





Address 
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Centrifugal Castings for industry 


Does your Cylindrical problem call for 


If your product plans call for hollow 
cylindrical parts, give some thought 
to these facts. Manufacturers who 
had never seriously considered cast 
parts before are discovering im- 
portant advantages in Sandusky 
centrifugal castings. 

They’re getting exceptional re- 
sistance to heat, corrosion, abrasion 
and stress, through the use of spe- 
cial alloys cast centrifugally .. . 
in diameters from 7” to 54”, and 
lengths to 33 feet depending on 
diameter . .. and specially machined 
to specifications. 


March 21, 1957 


a Centrifugal solution? 


How can our versatile staff and 
facilities help you? Tell us your 
product requirements. Let us ex- 
plore your ideas. Perhaps we can 
help solve your cylindrical prob- 
lems through the vast foundry 
experience, metallurgical re- 
search and machining skills our 
46 years offer. 

Your request will bring more 
information promptly ... or, 
if you prefer, a personal call by 
one of our engineers. Sandusky 
Foundry and Machine Company— 
Sandusky, Ohio. 


Sandusky centrifugal 
castings offer you 
4 important advantages: 


1. 


SUPERIOR STRENGTH—through non- 
directional mechanical properties 
BETTER QUALITY—machined castings 
are porosity-free 

UNIFORM SOUNDNESS—harmul inclu- 
sions are forced out by spinning motion 


. JOB-READY FINISHED CASTINGS -reach 


you machined exactly to your specifica- 
tions . . . eliminating extra costs from 
rejects, down-time, loss of production, etc. 


Sandusk ‘Y Centrifugal Castings 


Stainless steels—plain carbon and low alloy stee/s—wide variety of copper base compositions 
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NO ONE FILTER MEETS ALL 
DESIGN NEEDS... 


ER ‘MEDIA ee 
‘WIRE-WOUND ¢ SCREEN | 
BER CARTRIDGE 





“= » 





THE 
WHITE CELLULOSE 


MICRO-KLEAN 


FILTER CARTRIDGE 


Where Filter Design Calls For — 
5-MICRON FILTRATION .. . 


removes all particles down to this 
size and a large percentage of 
particles down to 1 micron or 
smaller. 


COMPLETE SANITATION . . 
for water, liquid food processing 
and other applications where 
clarity, purity and complete 
absence of any filter-imparted 
taste are essential. 











EXCLUSIVE “GRADED DENSITY” 
construction makes entire depth of 
cartridge body available for micro- 
nic filtration . . . doubles cartridge 
life, cuts replacement costs in half! 


COMPLETE DESIGN- 
ENGINEERING SERVICE 


There is a Cuno Field Engineer 
located in your area. To help solve 
your design problems, this trained 
specialist offers you more years of 
experience in removing more sizes 
of solids from more kinds of fluids. 


New DESIGN DATA | . . micro-Kean FILTER 


combines fine filtration and 
high flow rates with impor- 
tant time- and space-saving 


on UT ay aie wane oF Coes 


No. 53-100. 


CUNO ENGINEERING CORPORATION 


1403 SOUTH VINE STREET, MERIDEN, CONN. 
Filtration Engineers in Principal Cities 





2% 
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and construction. The rapidly de- 
veloping applications are also out- 
lined. 


Scientific Uses of Earth Satellites. 
By James A. Van Allen, chairman, 
Department of Physics, State Uni- 
versity of Iowa; 316 pages, 7 by 10 in., 
clothbound; published by University 
of Michigan Press, Ann Arbor, Mich; 
available from MACHINE DESIGN, 
$10.00 postpaid. 


In January, 1956, the Upper At- 
mosphere Rocket Research Panel 
held its tenth anniversary meet- 
ing, devoted exclusively to specific 
detailed proposals for the scientific 
use of small artificial satellites of 
the eai'th. This book is a compila- 
tion of 33 of the papers presented 
there. Among the problems treated 
are the optical and visual tracking 
of a satellite, satellite instrumenta- 
tion, meteorological measurements 
from the vehicle, and the possibili- 
ties of other observations from the 
satellite. 


Water Hammer: Its Cause, Magni- 
tude, and Prevention. By Oscar G. 
Goldman; 116 pages, 6 by 9 in., cloth- 
bound; published by and available 
from Columbia Graphs, Columbia, 
Conn., $5.00 per copy. 


The engineer is assisted by this 
book in analyzing and calculating 
the intensity of water-hammer 
surge which might be developed 
within a system. Requirements of 
system design to eliminate it are 
given. The solutions presented in 
the book cover water-hammer 
problems of all types. The book 
provides a_ practical reference 
source directly useful to designers 
in this field. 


Association Publications 


Proceedings of the Symposium on 
High Temperature: A Tool for the 
Future. 218 pages, 8% by 11 in., 
clothbound; published by and avail- 
able from Public Relations Dept., 
Stanford Research Institute, Menlo 
Park, Calif., $5.00 per copy. 


The High Temperature Sympo- 
sium was a jointly sponsored con- 
ference held at Berkeley in June 
1956. The conference was dis- 
tinguished by the fact that it 
dealt more broadly with the dif- 
ferent phases of high-temperature 
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If you read my “column” 
you'll really be “in the know"! 


Want to get the real low-down on how more than 


500 types and sizes of MPB’s* 


such as these OGE>-- 
BALL BEARINGS ACTUAL SIZE 


are being used throughout industry? 


Use this coupon. We'll do the rest. 


Me sncasime PRECISION 
BEARINGS, INC. 


Keene, New Hampshire 
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NO. 
5411 
5414 
5415 
5416 
5418 


5423 
5425 


5426 
5432 
5434 
5501 
5502 


5503 
5504 


1-E-1020B 
1-E-1024B 
1-E-1026 
1-E-1027 


5505 
5506 


5508 


5510 
5511 


5601 
5602 
5604 


TITLE 


‘Miniature Bearings in Gun Camera 
Prevent Binding of Shutter Shafts’ 

“Bearings for Relays” 

‘Ball Bearings in Tire Cord Tester’ 

‘Miniature Ball Bearings in Sensitive 
Relay"’ 

‘Miniature Ball Bearings for Precision 
Instruments” 

‘Miniature Bearings Used as Index Pawi”’ 

“Statistical Quality Control in Precision 
Manufacture” 

“Torque Conversion Chart” (mg/mm, 
dyne/cm, in/oz. equivalents) 

‘‘Nomograph for Miniature Ball Bearings”’ 
(for easy computation of load or life 
under various speeds)* 

“Bearing Specification” Form 

‘‘Miniature Ball Bearings in Precision 
Potentiometers” 

‘Mounting Methods for Miniature Ball 
Bearings” 

“Selecting Miniature Bearings” 

‘Coaxial Mounting of Differential Input 
and Output Shafts” 

“How to Handie MPB Bearings” 

“Lubrication Code” 

“How to Handle Instrument Bearings” 

“Cleaning Procedure for Miniature 
Bearings” 

“Special Miniature Ball Bearings”’ 

“How to Handle Precision Instrument 
Bearings”’ 

“Tiny Ultra-Precise Bearings Vital to 
Instrumentation” 

‘Portable Tape Recorder” 

“Load Ratings for Miniature Ball 
Bearings” 

“Bearing Selection Cuts Production 
Costs” 

“Backlash Held to 4% Deg. in 100:1 
Reduction Gear Train” 

“Precision Machining in Miniature” 


MINIATURE PRECISION BEARINGS, INC. 


3 Precision 


Park, Keene, New Hampshire 


Please circle reprint number(s) you desire, complete 
form below and send to MPB. 




















name Title 
company 
address 
city zone state 
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are you 


LOOKING 


gears? 


Spurs with Threaded Hub 











Special Shapes 








Spiral Ring Gears 














Splined Shafts with Mating Couplings 








Film Sprockets 





Worm Wheels 


Right Angie Spiral Gears 





Quadruple 
Thread Worms 





Worm Wheels with 
Grooved Hub 





Spur Gear Clusters 











Spur Gear Clusters 





Designers and Manufacturers 





sooo 





If your requirements 


include 


¥” to 5” O.D.— 180-16 D.P. 
AGMA Precision #3 


Then, write us for 


prompt response, today! 


H.O. Boehme, inc. 


Communication Equipment 


Precision Electro-Mechanical 


Apparatus Since 1917 


915 Broadway 


New York 10, N.Y. 
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Engineer's Library 





research than any previous con- 
ference. The proceedings contain 
papers by 36 internationally rec- 
ognized authorities. Three major 
| areas covered are methods for 
reaching high temperatures, ma- 
| terials for containing high tem- 
peratures, and processes occurring 
at high temperatures. 


| Manufacturers’ Publications 


Comparative Heat Resistance of 
Fibers and Comparative Chemical Re- 
sistance of Fibers. 12 pages and 34 

| pages, both are 8% by 11 in., paper- 
bound; published by and available on 

| letter-head request from EH. I. DuPont 

| de Nemours & Co. Inc., Technical 
Service Section, Textile Fibers Dept., 
Wilmington, Del. 


These two booklets’ describe 
| chemical and heat resistance prop- 
erties of various synthetic textile 
fibers. Comparative data is pre- 
sented on the breaking tenacity, 
breaking strength, elongation and 
toughness of fibers after exposure 
to various chemicals. The book- 
let on heat resistance describes 


types of heat effects and the effect 
of heat upon the properties of 
various fibers. 


Casting Kaiser Aluminum. 376 
pages, 514 by 8 in., clothbound; pub- 
lished by and available on letterhead 
request from Kaiser Aluminum and 
Chemical Sales, Inc., 919 N. Michi- 
gan Blwd., Chicago 11, Il. 


This book discusses the more ad- 
vanced methods used in designing 
and producing aluminum castings. 
Detailed data about aluminum and 
its alloys are provided for com- 
parative purposes. Principle casting 
methods are discussed at length 
with material co-ordinated for 
practical interpretation and use. 
Aluminum has its own individual 
characteristics which influence 
melting, molding, and pouring prac- 
tices. These features must be fully 
considered to obtain optimum pro- 
duction and satisfactory perform- 
ance from castings. 


RCA Receiving Tube Manual. 353 
pages. 515 by 8% in., paperbound; 
publ shed by and available from Radio 





Design Guide to 


“Adjustable-Speed 


Drives” 





e@ ELECTRICAL 
e@ MECHANICAL 
e HYDRAULIC 


Here, in one book—148 pages, with 24 tables, 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 


$7.00 


per copy 


MACHINE DESIGH 


READER SERVICE 


Penton Building 
Cleveland 13, Ohio 
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Corporation of America, Tube Div., 
Commercial Engineering, Harrison, 
N. J., Tie per copy. 


Manual RC-18 contains technical 
data on more than 575 receiving 
tubes, including types for black- 
and-white and color television and 
series-string applications. In addi- 
tion, more than 75 picture tubes, 
including color types, are included. 
The manual covers basic tube 
theory and application information. 
The section on electron tube ap- 
plications has been expanded over 
earlier issues to include a descrip- 
tion of television application such 
as tuner circuits, video amplifiers, 
sync circuits, age circuits, and de- 
flection systems. Other sections in- 
clude information on generic tube 
types, interpretation of tube data, 
and electron-tube installation. 


Government Publications 


Surface Treatments of Low Alloy 
Steels, PB 121507. By Sam Tour; 
203 pages, 81% by 11 in., paperbound; 
published by Wright Air Development 
Center; available from Office of Tech- 
nical Services, U. 8. Department of 
Commerce, Washington 25, D. C.; 
$5.00 per copy. 


This report is a guide to the 
selection of surface treatments of 
low-alloy steels for corrosion and 
oxidation resistance at a minimum 
expense in critical materials. Forty 
metallic and nineteen paint types 
of heat resistant coatings appli- 
cable to plain carbon and low-alloy 
steels are described and evaluated. 
Relative temperature, corrosion and 
abrasion resistance are given. 
Formability, weldability, joining 
characteristics and costs are also 
discussed. 


Index of NACA Technical Publica- 
tions. 222 pages, 8% by 10 in., paper- 
bound; published by and available 
from National Advisory Committee 
for Aeronautics, 1924 F St., N. W., 
Washington 25, D.C. 


This index covers those NACA 
research reports issued in the peri- 
od of June 1955 through June 1956. 
It is the fifth supplement to the 
basic 1919-1949 index. The re- 
search reports issued prior to June 
1955 which have been declassified 
since that date have also been in- 
cluded. 
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Design and detail draftsmen and 
drawing checkers with mechanical or 
electromechanical experience 
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Seulbresl | 


New Mexico's climate is so ideal our 
state is the most visited in the West 
year after year. But living here is 
better than visiting! 


You'll find year-round fishing or hunt- 
ing ... skiing . . . mountain climbing 

.. all within driving distance of your 
home. And with our extremely gener- 
ous vacation plan, you'll try them all. 


You'll like working in our all-new, 
air-conditioned laboratories, in a city 
where there's no slush on the ground 
or smog in the air. There's no weary- 
ing, hour-long drive from home to Lab 
and Lab to home every day either 
... you'll live less than 30 minutes 
from work. 


Albuquerque is a modern, metropoli- 
tan town, with University athletics, 
three TV stations and all the spectator 
entertainment you could ask for. 


Our school system is excellent at all 
levels, including higher education. 


We think our extra employee benefits 
are outstanding too. 


And there’s never been a layoff in 
our ten-year history. 


But most of all there's the appeal of 
challenging and stimulating work in 
an all-new field. 


If you'd like to know more, we'll 
send our brochure. Write to General 
Employment Section 590. 


And by the way, if West Coast living 
attracts you more, we also have a Lab 
in Livermore, Cal.—in the San Fran- 
cisco Bay area. 


SAN DIA 


CORPORATION 


ALBUQUERQUE. NEW MEXICO 
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“Sil EAL” @-WAY VALVES, 0 70 250 P.S.1. AIR 


*7g3°° 


List Price* 
















*$18.50 is the list price 
for the 14” port size and 
$19.50 for the 34” less 
usual quantity discounts. 


NO MORE 
AIR VALVE 
TROUBLES 


FROM DIRT OR CORROSION 





NOTEWORTHY 


Temperature-Responsive Check Valve 

Fusible pins of low melting point alloy block oper- 
ation of a temperature-responsive check valve under 
normal temperatures of the fluid being controlled. 








(AND WITHOUT COSTLY FILTERS AND OILERS) 
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Important | Low initial cost. ; All components are 
Savings ’ Need no oilers and corrosion resistant. 

, filters (time and : 

| materials savings). 

| | 

! | 
Low ' Sealing qualities do Wear compensating 
Maintenance , not diminish with “Shear-Seal” design. 

| long, continued use. 

! 

Long No production delays. | Lapped metal to metal 
Service Life ! Maintenance (rarely | sealing members. 


needed ), without 
disturbing plumbing. 





qgdeseeaeeaaae h« 


Not Critical | No scoring or binding. Flow is through “Shear- 
to Dirt | (As with spool or Seals.” 
' poppet designs. ) ' Sealing surfaces remain 
; ; in constant intimate 
| contact. 





| Maintained through 
| Japping action of each 
, Operation. 


Ask for bulletin A-5. 


No Creeping | Leakproof closure. 
Cylinders ! (No internal port 
to port leakage. ) 







Foot operated models with or 
without spring return to reverse 
or to center are $24.50 list for 
the 14” and $25.50 for the 3” 
valve less quantity discounts. 
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Exposure of the valve to excessively hot fluids, such 
as would occur with rupture of the diagram in a 
hot-oil control system (shown), melts the fusible 
pins, permitting actuation of the ball-check and pre- 
venting back-flow through the control-valve balance 
line. Alternate versions include a flapper-type check 
valve. Patent 2,774,366 assigned to Standard Oil Co. 
by John R. Dado. 


Coil-Spring Connector 

Free ends of an open-wound coil spring can be 
brought together to form a continuous spring loop 
by use of a flat connector. Designed for threading 
into the spring ends, the connector has evenly spaced 
notches on one edge, an interrupted series on the 
other. Central flat formed between the interrupted 

















MACHINE DESIGN 











These power partners. 
make great products even better 





Briggs & Stratton 4-CYCLE, single-cylinder 
engines are known and demanded by users 
everywhere . . . because millions of these power 
partners are delivering trouble-free performance 
under all operating conditions. 

And they are available in a wide range of 
models and ratings—and a choice of accessories. 
Thus, you will find the right power partner for 
your product in the Briggs & Stratton line. 

What’s more, when you’re contemplating the 
application of a gasoline engine to your prod- 
uct, you can utilize Briggs & Stratton’s con- 
sulting engineering service. Result: You may 
save time, money and modification headaches. 

To further protect your product’s good name, 
Briggs & Stratton maintains a world-wide net- 
work of over 9,000 authorized service outlets. 





Built rugged to last longer, 
perform better — weighs less 


Air-Age engineered — proved by millions 
of engines on countless products for home, 
farm and industry. Built to provide the 
quick starts and smooth-running power 
for tough going that have made Briggs & 
Stratton 4-CYCLE engines No. J in use 
throughout the world, 








BRIGGS & STRATTON CORP., MILWAUKEE 1, WIS. 
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Lepel 
HIGH FREQUENCY 


INDUCTION 


HEATING 











The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 

electronics as well as the most practical and 
efficient source of heat yet developed for industrial 
heating. 

If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 









data and recommendations without any cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 


TEMPERING FOR CUSTOM 
HEAT TREATING 


WIRE RING JOINS 
PLASTIC PARTS 


ENLARGED 
SECTION 








036 STEEL 


Selected areas of hardened WIRE RING. 


steel parts may be tempered 
for fabrication or service re- 
quirements. Concentrator type 
coil permits high power density 
in restricted area thus minimiz- 
ing heating time and permitting 
marked variation in properties 
in adjacent sections. 


High frequency induction heats 
wire ring which in turn heats 
plastic wall, providing sufficient 
plasticity to cause flow and 
bonding upon application of 
pressure. Metal to plastic seals 
are similarly performed. 


ANNEALING ALUMINUM FURNITURE TUBING 


be of mens 
___d00000000000000000 


4 
) 


- — 
000000000000000000 











Selective annealing of aluminum furniture tubing permits bending 
where required without loss of strength in adjacent portions of 
tube. Brass or steel tubing is also being selectively annealed. 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable informati 








All Lepel equipment is cer- 
tified to comply with the 
requirements of the Feder- 
al Communications Com- 
mission. 








LEPEL HIGH FREQUENCY LABORATORIES, INC. 


NEW YORK CITY, N. Y 


55th STREET and 37th AVENUE, WOODSIDE 77 
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Noteworthy Patents 





series of notches provides a common abutment sur- 
face for the spring ends, precluding angular move- 
ment of the connector about its axis. Typical uses 
include fabrication of annular spring expanders for 
certain types of piston rings. Patent 2,778,697 as- 
signed to France Packing Co. by Elmer R. Nuttall. 


Hydraulic Torque Motor 


Cylindrical plastic rods, seated in mating semicircu- 
lar grooves in both rotor and stator, serve as pres- 
sure-chamber dividing vanes in a hydraulic torque 
motor. Designed to give reciprocating rotational mo- 


UY a, Z 
U.\4, 
~~ 

















tion in an approximate 180-deg arc, the unit stator 
moves clockwise when fluid enters the left-hand port 
(Section 3-3), counterclockwise when pressure is ap- 
plied to the right-hand port. Deformation of the plas- 
tic vanes under hydraulic pressure provides an effec- 
tive seal between pressure-chamber sections. Typical 
use is for actuating scraper blades in road-building 
equipment. Patent 2,778,340 assigned to F. J. McCar- 
thy Inc. by Leo O. Greely. 


Torsional Vibration Absorber 


Designed to absorb torque pulsations in rotating 
components such as clutches, brakes or intermittent- 
motion devices, a torsional vibration absorber com- 
prises driving and driven members with loosely inter- 
































meshing teeth. Members are resiliently connected 
by a spring-steel strip. Distortion of the spring be- 
tween meshing teeth permits limited relative angular 
movement between driving and driven members, and 
fluid entrapped in the tooth spaces provides vibration 
damping for the device. Patent 2,755,105 assigned to 
New Products Corp. by Oscar H. Banker. 
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Where performance is the measure 


5 F-M Pumps are the standard 


Fairbanks- Morse 6” dual-driven fire pump in jet engine testing laboratory. 


Standby against 3500 degrees! 


Full power testing of Navy jet engines creates ex- 
haust heat up to 3500°F. a few feet from highly 
inflammable fuel—a constant fire hazard when in 
the confines of the testing laboratory. 

To insure positive protection against fire losses, 
Thompson Products Gas Turbine Laboratory, 
Perry, Ohio, has insta'led a sprinkling system with 
a Fairbanks-Morse 6° duel-driven fire pump— 
capable of pumping 1500 gallons per minute. The 


installation is so dependable, so positive that 
prompt approval was given by the authorities 
having jurisdiction. 

Don’t gamble with the heart of your fire-preven- 
tion equipment; insist on F-M pumps with F-M 
power. See your F-M Field Engineer for expert 
assistance, or write Fairbanks, Morse & Co., 
Department MD-3-21, 600 South Michigan Ave- 
nue, Chicago 5, Illinois. 


@) FAIRBANKS-MORSE 


a@ name worth remembering when you want the BEST 


PUMPS - SCALES + DIESEL LOCOMOTIVES AND ENGINES + ELECTRICAL MACHINERY + RAIL CARS +» HOME WATER SERVICE EQUIPMENT + MOWERS - MAGNETOS 
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“MONOBALL” 
Self-Aligning. 
Bearings 


“FASTER 
ASSEMBLY... 
LOWER 


wtth 
DRIV-LOK 
PINS 


DRIV-LOK Pins are responsible for 
great economies and product 
improvement in thousands of ap- 
plications. For machinery, finished 
products, components and sub-assem- 
blies, DRIV-LOK Pins offer definite 
advantages in time, labor and cost 
savings. We can help you better if 
you will write, giving us the nature of 
your problem. Catalog and Samples 
sent without obligation. 


POSITIVE 
ANGHORING 


ROD END 


STANDARD TYPES...A COMPLETE LINE 


pea tee ug 


DRIV- LOK PIN COMPANY 


71S Chauncy Street 


\ FOR 


PATENTED U.S.A. CATALOG 


All World Rights Reserved 


Sycamore, Illinoi'’s 
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CHARACTERISTICS 


RECOMMENDED USE 


For types operating under high 
temperature (800-1200 degrees F.). 


ANALYSIS 


Stainless Steel 
Ball and Race 


2 Chrome Alloy 
Steel Ball and Race 


Bronze Race and 
3 Chrome Moly 
Steel Boll 


For types operating under high 
radial ultimate loads (3000- 
893,000 Ibs.). 


For types operating under normal 
loads with minimum friction 
requirements. 


Thousands in use. Backed by years of service 

life. Wide variety of Plain Types in bore sizes * Accurate, Constant Cylinder 

sa aed os cal ae Speed Control 

3/16” to 6” Dia. Rod end types in similar size s 
x Compact Rugged Design 

+ Simple, Easy Speed Selection + For Air, Oil or Water Applications 


Pneu-Trol Speed Control Valves, are widely 


range with externally or internally threaded 


shanks. Our Engineers welcome an opportunity 


of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can de- 
sign special types to fit individual specifications. 
As a result of thorough study of different operat- 
ing conditions, various steel alloys have been 
used to meet specific needs. Write for revised 
Engineering Manual describing complete line. 
Address Dept. MD-57 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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used in hundreds of control applications be- 


cause the 
a taper 


retro ball 


pacity in 





PRICES . 


the opposite direction. 
most sensitive 
only a slight 
open or close it. 
Needle design permits maximum flow ca- 


combine in a short, compact body, 
fine thread needle for extreme y 


accurate air or oil flow control and a floa 


rmits full flow in 
etro ball floats in 
osition to its seat, rogues 
ifferential pressure to fully 


check, which 


the controlled direction. Metal to 


metal needle and ball seats insure long 
trouble-free service. Simple, practical “O 

ag structure eliminates troublesome leak- 
ng. Valve bodies machined from hex brass 
or aluminum for 2000 psi working Pees 

steel and stainless steel for 5000 Pe 

5 —— pa pipe sizes—%” to %4”. A 


ae in 


+ IMMEDIATE DELIVERY. 


Write for illustrated circular and prices. 
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Modern | 

injection | 
molded 4 = 

rubber 


‘If you ll show us 


‘the small machined 


parts you use... 


we'll show you 
how you can 


How injection molding can help 
you solve design problems, improve 
products with rubber parts... 


Greater density produced by injection molding is shown in 
compariswn to ordinary compression molding.. Injection 
molded rubber (top) displays homogeneous characteristics 
unequalled for consistency or toughness by any other pro- 
cess. In application this will mean tremendous resistance to 
abrasion and chemical action—much longer rubber part life. 
Both microphotographs are standard Buna N compound, 
approx. .269” x .019”, magnified 240 diameters by the Uni- 
versity of Minnesota. 

Injection molding of organic, synthetic and silicone rub- 
ber compounds offers you the key to optimum performance 
from rubber parts. Minnesota Rubber uses an exclusive in- 
jection molding process that provides matchless product con- 
sistency and tolerances as close as .002 inch. Complete facil- 
ities and mass production techniques assure lower produc- 
tion costs. Statistical sampling and laboratory analysis at 
every production stage keep tolerances and quality consistent. 

Economy in product development and production can be 
yours because: injection molding eliminates “‘flash’”’ and simi- 
lar finish imperfections—no trimming required; injection 
molding permits fast fabrication and delivery—no expediting 
costs; injection molding assures consistent quality to meet 
your requirements—saves replacement costs. In addition, 
custom compounding and laboratory facilities for research, 
problem analysis and product development are offered to 
you by Minnesota Rubber. 

Types of parts available at Minnesota Rubber in a full 
range of compounds are: 

1. Custom Molded—a limitless variety of shapes, sizes and 


types. 
2. Metal Bonded—injection molding assures tight bonds, 
closer tolerances. 


3. Sub-miniature—example: part with round cross section of | 
020” 


4, Seals—full range of O-rings and QUAD®RING $s stand- 
ard sizes stocked. 
Samples and detailed data will be forwarded to you on re- 
quest. Please specify product interest. Write... 
QUAD RING is a Trade Mark of 


MINNESOTA RUBBER & GASKET CO. 


Originators of modern rubber injection molding 
Dept. 807, 3630 Wooddale Ave., Minneapolis 16, Minn., W Est 9-6781 
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save up to 10% 


on parts that do a better job 


Cold-formed parts by Progressive’s modern methods 
are saving users of small parts thousands of dollars 
yearly. For each machining or other production 
operation that you can eliminate (without the loss 
of mechanical values), means savings to you in time, 
money and metal. Savings that run as high as 70%. 


QUOTATIONS - How to get a good one... FAST 


Send us samples, dimensions, material specifica- 
tions, and drawing. This can be a rough sketch if 
dimensions are clearly and accurately indicated. 
Knowing quantities and what the part does will 
help to give you the best cost we know how. We'll 
go to work at once, and you'll have a firm Progres- 
sive figure to help you cut your costs. Check your 
machined parts today. We'll start to work opening 
a Progressive “savings-account” as soon as we 
hear from you. 


Machine screws and special fasteners are our business... . 
including square and hexagon machine screw nuts, Sems fasteners, 
slotted tapping screws and Phillips Head Screws 


STANDARDS AND SPECIALS CUSTOMIZED FOR YOUR NEEDS 


THE PROGRESSIVE MFG. CO. 


Division of The Torrington Company 
S52 Norwood Street, Torrington, Connecticut 
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ROTO-CONE vy KS 


VARIABLE 
SPEED DRIVES 


National 
Lock 


For a wide variety of metal 
products, including lockers, cabi- 68-2750 
- nets, control boxes, office equipment, 
Widest Choice of Drive | ete. Selection of lock types (plate, 
Arrangements and Speed lever and pin tumbler), sizes and 
Ratios — All V to V: finishes. Let our sales en- 


gineers work with you in 








When your plans call for variable speed it isn’t necessary to recommending the lock 


use a cumbersome, expensive motor drive. Simple to install, (standard or special) to best 
Roto-Cone drives operate on the V to V principle providing 
up to 40% more pulling power and greater belt life. 


Belt travels on a fixed center line as exclusive operating 
principle provides equal and opposite lateral movement of 
both discs of Roto-Cone variable speed pulley. Up to 8 to 1 


speed change ratio. Sizes from % to 20 H.P. The Roto-Cone_ | While for Xo Calalatg “46 


line is complete . . . variable speed pulleys, standard and _ | 
countershaft adjustable motor bases, V-Belts, and V-driven | 


sheaves. Write for 30-page catalog. NP Gale) PNM Relel Mele) 1 IV hs 


GERBING MANUFACTURING CORP. js Reclitard, Wises 


Dept. M35 Northbrook, Ill. (Suburb of Chicago) 
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meet your requirements, 














“We would be stumped without stud welding”. ..a quote from W. V. Brown, 
President of Brown Steel Tank Company, Minneapolis, manufacturer of truck 
and trailer tanks. This statement comes after 10 years of stud welding... 
after 34-million NELSON® studs. And the estimated cost reduction 
by stud welding is 50%! 


That is why Mr. Brown says, “Wherever NELWELD® can be used 
to advantage, we use it.” Possibly you could fasten some of your 
assemblies faster and better at less cost, too. Why not get to 

know NELWELD better? Use coupons at the right. 


Four different types of Nelson studs are 
end-welded with this single gun NELWELD 
production unit. A simple fixture designed 
by Brown Steel Tank engineers makes it 
possible to switch quickly from one appli- 
cation to the next. This production unit is 
typical of those used in plants through- 
out the world. 








the only truly 


LEAKPROOF 
CHECK VALVE 


mr Lon s 
eter. | PAT. PENDING 
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Satisfaction Guaranteed Or 
Money Back TRIAL OFFER 


OG Fittings are guaranteed to seal pipe 
thread connections permanently against all 
oils, practically all known chemicals and gases; 
to seal under high pressures or vacuum; to 
withstand —280° to plus 500° F.; to eliminate 
“evertightening” damage and pipe dope. 
Available in Ye" to 24," pipe thread sizes. 


Circle Seal valves are truly—the only 

100% reliable ieak-proof check valves. The 

Circle Seal “O” Ring sealing principle guar- 

antees it! Years of use in many industrial 

applications proves it! $10.00 Trial Offer No. 1: eight %”, ten 

Zero leakage, 0-3000 psi 5 Y%,", eight %”, ten Yo" pipe thread OR 

Unrestricted Flow ee Fittings. 

Low Cracking Pressure $10.00 Trial Offer No. 2: eight 2", ten 

Get complete engineering data now. %”, four 1” pipe thread WO Fittings. 
Send order to 


TRUQO)SEAL DIVISION 
2006 N. Hewtherae Melrose Park, Ill. 
“Miller Fluid Power’’ is alse a Div. of Flick-Reedy Corp. 








Circle Seal Representatives throughout the United States 


Circle Seal Products Co. 
incorporated 
(+) 2181 EAST FOOTHILL BOULEVARD 


PASADENA, CALIFORNIA 
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COUPON 


Attach to your company letterhead and 
mail to: 
NELSON STUD WELDING 
LORAIN, OHIO 
Check here O if you would like us to 
send you a folder of cost-saving NEL- 
WELD applications. 


Tank drain sumps with NELSON threaded 
studs are hand-welded to truck tank. 


NELSON granular flux filled studs of 


various types are used in the fabrication of 
Brown truck tanks: (1) Six threaded studs 
end-welded to drain sumps, (2) threaded 
stud centered in fill cap, (3) fill cap neck 
with four hinge studs, (4) square studs on 
door lock handles. 


Attach to your company letterhead and 
mail to: 


NELSON STUD WELDING 
LORAIN, OHIO 
Check here O if you would like to 
receive details on how to enter the $1500 
GREGORY AWARD COMPETITION for 
the most significant contribution in the 
field of stud welding. 


COUPON 


Attach to your company letterhead and 
mail to: 


NELSON STUD WELDING 
LORAIN, OHIO 
Check here O if you would like a free 
subscription to the NELWELDER, indus- 
try’s magazine of cost-saving ideas based 
on stud welding. 
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NELSON STUD WELDING... Division of Gregory Industries, Inc., Lorain, Ohio 








this: 


flexible 


metal 

hose 
(7mards 
New York’s 
TV 





another example of how 
Atlantic's engineers and ‘inge- 
nuity devise new solutions to 
new problems. 





The $1,000,000 tower atop 
the Empire State build- 
ing was designed to usher 
in a new era in TV transmission and reception. Its 

construction required an unprecedented number of 
circuits to travel up a tower often of less than two 

feet square. The conduit, enclosing the cables, had to 
be extremely flexible to avoid splice plates, rivet 

heads and diagonal braces in the steel work. It had 

to be permanently weather tight. 

Ordinary rigid and flexible metal conduit failed! 

Atlantic’s engineers in cooperation with the RCA 

Service Co. designed a heavy duty, high pressure 

bronze hose that did the job and also saved many 

costly and hazardous man hours of work. This hose 

was JOB TESTED and CERTIFIED. 

Our engineers will help solve your problems in 

weather protection... flexibility ... conveying... con- 

trolling pressure;movement and vibration... correct« 
ing misalignments. Seamless and Interlocking Hose.- 
Bronze, Steel, Stainless Steel, Monel. %”-36” I.D. with 
proper fittings. Write for Bulletin #500ASee our Cate 
alog in Sweet’s Product Design File. 


ATLANTIC METAL HOSE CO., Inc. 


318 DYCKMAN STREET, NEW YORK 34, N.Y. 
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THE DEVILBISS COMPANY 


Santa Clara, Calif. * Barrie, Ontario 


Branch Offices in Principal Cities 





MORE DESIGN FREEDOM 


—sa 









“transfer 
without 





complicated 





° gearing... 


ee | 










SIERRA MINIATURE MECHANICAL 
CHAIN AND SPROCKETS... 





| Provide precise, positive motion transfer 
through several planes simultaneously with NEW 

no cable slippage...no complicated gearing. CATALOG 
| Unlimited center-to-center selection for min- aa 
| iature and sub-miniature assemblies in servo { 
| systems, gyro systems, special cameras, 
| electronic equipment, and small precision 
| instruments. Less weight, cost, maintenance 

—wider tolerances. Designed to operate 
| around minimum 7-tooth sprocket with root 
| diameter of .250 inches. Chain pitch 
| .1475 inches; Weight .45 oz. per lineal ft. 
| Material: stainless steel, or other materials, 
| including non-magnetic beryllium copper. 
| 
| 


Contains useful 
application data, 
specifications, 
tables on chain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
distance. Write 
for yours today. | 

I 







123 E. Montecito Avenue, 
Sierra Madre , California 





T. M. REG. 
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DeVilbiss Air: Compressors 


to build into your product 





Quality-built, efficient, 
long service life 


Gain the benefits of all the 
research, development, and 
experience DeVilbiss has put 
into air compressors for 
quiet, smooth operation, and 
easy maintenance. Choose 
from V-type or upright-type, 
single- or two-stage, % 
through 15 hp, and pressures 
up to 200 psi. Displacement 
ranges from .82 cfm to 66.3 
cfm. 

DeVilbiss compressors are 
cool-running; pay for them- 
selves, because they deliver 
as much as 22.6% more air 
per power dollar than most 
others! Write for Bulletins 
CL-b, and F-272-A, now! 


Single-stage, Upright-type 
DeVilbiss Air Compressor 


Toledo 1, Ohio DeViLBiss 


London, England 





Y 
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SPECIAL 





BLOWERS? 





ELECTRONIC COOLING 


HEAVY MACHINERY COOLING 


INSULATED FOR TEMPERATURES 


NO-CORROSION 
ALUMINUM CONSTRUCTION 


PEERLESS ELECTRIC 
SUPPLIES BOTH BLOWERS 
AND MOTORS AS A 
COMPLETE UNIT! 


e@ Complete units! 
Blower and motor! 


e@ Meet government 
specifications! 


@ Air requirements up to 
8" static pressure! 


e Special finishes, fungus- 
treated, insulated, etc.! 


e@ High and low tempera- 
ture requirements! 


@ Special units for space 
conditions! 


Contact us today! 
We're interested in 
your inquiry! 





FAN AND BLOWER DIVISION 


tHe Peerless. Electric COMPANY 


FANS - BLOWERS . MOTORS . ELECTRONIC EQUIPMENT 
1453 W. MARKET ST. * WARREN, OHIO 
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A-B-K 


ok-¥-talaler- ore 


they 


DONT PEEN OUT 








[B\= Re — the bearing 


material of 1001 uses 








The unusual properties of A-B-K Laminated Phenolic 
Bearings have helped engineers in widely divergent 
fields solve some of their toughest bearing problems. 

It can be formed, machined to intricate shapes. It 
can be bonded to metal. It can be lubricated with 
water or oil. It often performs better, lasts longer 
than metal. 

If you have a wear problem involving impact, strain 
or stress, friction, heat, chemical action or strength, 
write for our brochure, or state your requirements. 


PROVED PROPERTIES 


e Won't peen out e Perfect weathering 
e High strength/weightratio | Good machining 


e Resistance to acid, alkali, * Dimensional stability 
heat, abrasion ¢ Slow, uniform wear 


e High compression strength e¢ Water or oil lubricated 


AMWERICAN 


Brake Shoe 


COMPANY 


Circle 604 on page 19 












































\\% MACHINE KNIVES 
j \. W Standard and special 


z Wa blades of solid or 
COES KNIFE COMPANY 


composite steel, for 
Precision Ground Machine Ways 


all machine knife 
applications. 

Hardened tool steel ways, guides, and special wear plates, insepa- 

rably forge welded to tough, machineable backings. Hardness, 

shapes, dimensions, and mounting holes to your specifications. 










For quotations, send sketches of your requirements to: 
KNIFE COMPANY, 64 COES ST., WORCESTER, MASS. 
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“Us 
on Ti "NYLON GEARS 


means savings in gear costs up to 90% 


For: 


time switches hal 
motor starters — Pe 


lighting —equipment 
control — all applications 
requiring complete reliability and long service life. 


All parts are accessible—readily inspected, easily 
replaced. Full floating armature permits perfect 
magnetic seating, silences AC hum. 

Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quick opening. 
Cojl will not overheat in 24-hr. continuous service. 

Zenith contactors are made for severe 
duty. Capacities to 400 amps. 


f " 
aT La 


Our many years of successful production 
of Nylon Gears can now make even 
greater economies for you. With the 
great variety in molds now possible, 
Nylon should not only be considered as 
an economy measure but the answer to 
many problems where compact design is 
necessary. Nylon Gears are quiet, dur- 
able, efficient and need less lubrication i 
— they mate perfectly with metal gears. i 
Let our engineers with more than a 
decade in gear experience consider your 
gear problems DURING the design 
process — send blueprints or specs for ; 
prompt estimates. : 
Gears made only to your specifica- 
tions. None carried im stock. 









Send for this handy new bulletin > 


See classified telephone directory 
for name of local distributor 


ATILE MB TTILT TD 


106 


et }. PROCESS ‘GEAR co. 


* Chice go 


149 WEST WALTON STREET «+ CHICAGO 10, ILLINOIS 
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Design 
Manual| “MECHANICAL 


ADJUSTABLE-SPEED DRIVES” 





Parts | & Il 
by Leo F. Spector 








COMPLETE REPRINTS NOW AVAILABLE! $1.00 PER COPY 
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Stalwart 
from the hand of 


silicone parts 


the Specialist... 


TO YOUR Soeeiticotions | are solving more 


and more 
engineering 
problems for 


more and 





more products 


























Specially recommended 
for high and low 
temperature 
applications 

Bolts « Studs « Cap Screws + Nuts 

Silicone rubber parts by Stalwart are 


solving problems every day ... and 
costs are being cut too! 


Only the hands of the specialist can Time and again, Stalwart Engineers 
produce fasteners which will meet your have and will replace costly metal 
design and engineering specifications with constructions forced on design engi- 
precise accuracy. Erie has been doing just neers because of the limited thermal 
that for more than 40 years . . . produc- stability of organic rubbers. 
ing to customer specifications bolts, studs, Stalwart is prepared to produce pre- 
cap screws and nuts for use in extreme cision parts from a variety of Silicone 
temperature, corrosion and tensile appli- rubber stocks to meet your individ- 
cations for a wide diversity of industries. ual specifications. These parts will 
Submit your specifications to us with retain rubber-like properties at tem- 
confidence. peratures from —130° to +600° F. 

They will have excellent dielectric 
properties and resist compression set. 


In Alloys « Stainless « Carbon « Bronze 


SIDIA 
gvUB8 Ry On 


BARIUM Write today for 


STEEL CORPORATION catalog No. 56-SR-3! 


ERIE BOLT &€ NUT CO. TALWART Resdetetes Ham 
RUBBER COMPANY _ Jesper, Georgia 


180 Northfield Rood * Bedford, Ohio 180 Northfiel 
Representatives in Principal Cities lorthtie oo ‘ord, Ohio 80 Gee Rd. 


Erie, Pennsylvania 
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Where horsepower loads are heaviest . . . that’s 
where Sier-Bath Flexible Couplings are stand-outs 
in performance and economy! Not only are 
Sier-Bath Coupling capacities higher for any 
given shaft size from 3” to 12”, but also their 
initial cost to you averages 21-percent lower 
(compared to four other leading brands). 


You save many ways with Sier-Bath Couplings, 
because simplicity of design makes possible great 
savings in space and weight, requiring less shaft 
space for assembly .. . and use of snap-rings instead 
of flanges and bolts cuts assembling and uncoupling 
time to seconds, eliminating special tools. Lower 
moment of inertia reduces bending stresses on shafts, 
saves bearing wear. 





. | Sier-Bath Flexible Gear Couplings 
Simpler! only 7 parts are available in many standard 


{ ah \ and special types in sizes from 

(| a) { % to 12. Horsepower ratings 

, range from 4 to 4500 HP/100 rpm. 

Smaller and Lighter! 
[ef 


¥/; Usual Complete catalog information 


will be sent on request 








| | Size 
| 


gam = Sorboth 


fesntes 1995 GEAR and PUMPCO., Inc. 


ember 


9254 HUDSON BLVD, NORTH BERGEN, N. J. 
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Engineers, M.E., E.E. 


value analyst 


We need a man capable of analyzing 
highly complex electronic equipment 
at the Light Military Electronic Equip- 
ment Department of G.E. .. . for the 
purpose of achieving lower cost while 
maintaining function. 


He must be a diplomat . . . the philoso- 
phy and techniques of Value Analysis 
must be “sold” to our design men. 


He should be a consultant . . . training 
of professional technical and supervisory 
people on the Value Analysis approach 
to new materials and processes is an 
integral part of this job. 


He must be creative, inventive and re- 
sourceful. He will have the stimulation 
of working with a young, energetic 
team of engineers who are engaged in 
the continuous search for new methods 
and procedures which will effectively 
reduce cost without sacrificing essential 
quality. 


Reply in confidence to: 
Mr. John Sternberg, Dept. 1087 
Light Military Electronic Equipment Dept. 


GENERAL @@ ELECTRIC 


French Road, Utica, N. Y. 


Circle 611 on page 19 








Design Guide to 


“Adjustable-Speed 
Drives 


@ ELECTRICAL 
® MECHANICAL 
® HYDRAULIC 





Here, in one book—148 pages, with 24 tables, 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 
$7.00 
per copy 
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IBM GROWTH promoted these men 


PRODUCT DEVELOPMENT ENGINEER: Before his recent promotion, 
this man was a member of a small engineering “team” (two 
M.E.’s, an E.E. and a model maker) in IBM’s Poughkeepsie 
plant. His specific prvject entailed the creation of the “ultimate 
package in printed circuitry.” His group “brainstormed” the 
project in continual sessions, putting the results in model form. 
Then the group would try to “tear the idea to shreds” in order 
to create something even better. 


Could you handle 


Jobs like these continually open up at IBM—due to 
rapid expansion. If you are an engineer or scientist — 
or have equivalent experience—you may be qualified 
for such a position. Innumerable opportunities exist in: 


© Photo and magnetic device 
memory 

© Semi-conductor research, devel- 
opment, and manufacturing 


e Computer systems planning 

@ Numerical analysis and 
programming 

@ Electronic circuit design and 
packaging 

@ Electrostatic phenomena 

© Real time systems engineering © Test equipment design 


@ Manufacturing process control 
e@ Computer systems testing 


Economic experts rank the electronic computer with 
automation and nucleonics in growth potential. More 
than 10,000 electronic computers will be in operation 
by 1966. IBM sales have doubled, on the average, 
every five years since 1930. IBM engineering labora- 
tory personnel quintupled in the past five years. IBM 
spent $19,000,000 on research and new product 
development in 1956. Salaries are excellent; company- 
paid benefits set standards for industry today. Person- 
nel turnover at IBM is less than one-sixth the national 


average. 


DATA PROCESSING . 
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PRODUCT CONTROL ENGINEER: Promoted recently, this man form- 
erly worked at IBM’s Poughkeepsie manufacturing facilities. 
His job was to design information systems to insure a smooth 
flow of work through the plant. “It takes creative engineering 
ability to design these systems,” he'll tell you, “and administra- 
tive ability to ‘sell’ a system to higher management and make 
it stick, If you possess this rare combination of abilities, this is 
the job for you!” 


their responsibilities? 


ELECTRIC TYPEWRITERS . 


FOR THE FACTS about an engineering career with IBM, 
just write, outlining background and interests, to: 


R. A. Whitehorne 

Mgr. of Engineering Recruitment, Dept. 8903 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N. Y. 


Where would you like to work for IBM? 


IBM plants and laboratories 
are located in: 
Endicott, Kingston, New York 
City, Owego, Poughkeepsie, 
N. Y.; San Jose, Calif.; Wash- 
ington, D. C.; Greencastle, Ind.; 
gton, Ky.; Rochester, 
Minn.; Sherman, Texas. Branch 
offices in 189 cities through- 
out the U.S.A. 


Llexinat 








Be sure to visit the 
IBM booth at the 

1. R. E. Show, 

March 18 through 21. 


. MILITARY PRODUCTS 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 








TIME EQUIPMENT 
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REMEMBER ELCO 


PHILLIPS SCREWS 


ELCO is one of the 
prominent sources for all 
types of “Phillips” 
Recessed-Head Screws. 
At ELCO particular care 
is taken to maintain 

the standardized 
specifications of the 
distinctive Phillips 
recess — for best 
performance and lowest 
handling cost on your 
assembly line. Many 
ELCO-PHILLIPS Screws 
are stocked for 
immediate delivery. 
Write for our stock list. 


WOOD SCREWS 

MACHINE SCREWS 
MACHINE SCREW NUTS 
TAPPING SCREWS 
THREAD-CUTTING SCREWS 
PHILLIPS AND SEMS SCREWS 
PIPE PLUGS 

STOVE BOLTS 

CAP SCREWS 

LAG SCREWS 

DRIVE SCREWS 

SPECIAL SCREWS 

COLD HEADED PRODUCTS 


= TPEPEPEPE PEEP RE REEREL 


ELCO ‘xo. SCREW CORPORATION 


1950 BROADWAY * 
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again available 


“EVALUATING ENGINEERS ° 


_ by Randolph W. Chaffee , 


... to recognize talent 
and reward achievement 


‘How evaluation yardsticks 
vare established 


Appraising creative 
engineering requirements 


Summary 
of job 
values 


Ranking 
engineering 
jobs - 


Classification 
_ listing of job requirements 
and related typical positions 


Assessing creative 
Allocation performance 
of | 


positions 


to. A brilliant discussion of meth 
ods for job evaluation and merit 
rating in creative engineering 
ny one of the country’s out- 


grades 







standing authorities in this field. Use the order form 
below and get your copies while the supply lasts 
Remittance with your order will greatly facilitate han 
dling. 











. 

1 MACHINE DESIGN Send me copies of “EVALUATING 
; Reader Service ENGINEERS” at $1.00 per copy 

§ Penton Building C) Remittance enclose 

; Cleveland 3, Ohio [] Please bill mea 

i] 

, eablig 2 oe See Ree eee 

i 

1 COMPANY ___ sities libata aula natia 
' 

1 ADDRESS essentials tus ait aden 

i] 

; city — ae 
i] 

' 


(Add 3% to orders for delivery in Ohio to cover State Sales Taa. 


ee ee eee ee eee ee 
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Wanted: 
engineers with 
new ideas 


The California Division of Lockheed has a special problem. It doesn’t limit itself to a few types of 
planes. It develops virtually all types — cargo and commercial transports, extremely high-speed 
fighters, radar search planes, jet trainers, patrol bombers and others still classified. And it takes a 
constant flow of new engineering ideas to feed this ever-expanding program. 


Do you have new ideas? They'll get attention at Lockheed. Your future relationship with us is 
certainly worth exploring. Openings are in virtually every field of engineering. Perhaps the most 
convenient method for you to contact us is to write E. W. Des Lauriers, Manager, 

Professional Recruiting, or send in the brief résumé form below. 


E. W. Des Lauriers, Dept. | 11032 


California Division Lockheed Aircraft Corporation 
Burbank, California 


Lockheed Dear Sir: Please send me your brochure detailing life and work at Lockheed 





Aircraft Corporation, Burbank, California 








If you are an engineer, please state your field of engineering 





p. s. Aircraft experience is not necessary 
to join Lockheed. It’s your engineering 
training, experience and ability that count. City and State Home phone 


Home street address 
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MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 


Challenging 
job opportunities on 
the editorial staff of 


Here’s your chance to break in on a growing field where aggressive creative 
work is really appreciated. MACHINE DESIGN has staff openings for young 


engineers with an interest in both engineering and editorial work. These jobs 





provide stimulating contact with many engineering areas plus opportunity to 


grow and progress as a specialist in a particular branch of design engineering. 


Some evidence of design engineering experience is necessary, and an ME or 
EE degree would be desirable. Writing ability and interest are also required, 


although a heavy background of editing or writing is not essential. 


Salary will depend on experience; progress for the right man can be rapid. 


Headquarters are in Cleveland with opportunities for travel to attend engi- 


neering meetings and expositions. 


If you are interested, send full details of your engineering background to the 


Editor, MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 
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for GEARMOTORS 





Because... 


parallel and right angle 
Gearmotors, Master has 
the flexibility and choice 
of design you need for 
selected output speeds. 


... With electric motor and gears 
combined into a compact, 
integral power unit, you 
reduce costs and increase 
efficiency through elimination 
of belts, coupiings, chains, 
sprockets, external bearings 
or separate reducers. 


... Available in sizes from 14 to 
125 H.P. You can integrate 
with the gearmotor electric 
brakes—3 types of variable 


speed units and fluid drive 
in any combination. 


... And that’s why more 
gearmotors carry the Master 
name than all other makes 
combined. Write on your 
business letterhead for details. 
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THE ARTER GRINDING MACHINE CO. mounts 
the spindles of its new surface grinder on 
four “00” Timken bearings to achieve and 


maintain maximum accuracy. 


New precision grinder costs less to make, gives 
smoother spindle operation with TIMKEN’ bearings 


O get the smooth spindle opera- 

tion required for the extreme pre- 
cision of their new surface grinder, 
The Arter Grinding Machine Com- 
pany mounted the work spindle and 
the wheel spindle on four ‘‘00” 
Timken® tapered roller bearings .The 
extremely low run-out tolerances of 
Timken“00” bearings—75 millionths 
of an inch—make possible the closest 
machining tolerances ever achieved. 
And by using two Timken precision 
bearings on the spindle, Arter got 
greater capacity in less space—cut 
manufacturing costs % over earlier 
spindles used. 

Timken “00” precision bearings 
not only deliver highest precision, 
but like all Timken bearings, they 
take both radial and thrust loads in 
any combination. And full line con- 
tact between Timken bearing rollers 


and races gives them extra load-car- 
rying capacity. Shafts are held rigid 
— accuracy is maintained — gear life 
increased. Timken bearings run 
smoothly because they practically 
eliminate friction. They’re de- 
signed by geometric law to have true 
rolling motion and precision manu- 
factured to live up to their design. 
Normally last the life of a machine 
they’re in. 

The Timken Company developed 
“00” bearings to meet the demands of 
today’s new precision machine tools. 
To produce these bearings, the Timken 
Company perfected measuring devices 
of unprecedented precision and de- 
veloped new manufacturing tech- 
niques. The “00” bearing has achieved 
twice the precision of any previous 
Timken bearing. 

Whatever machines you buy or build 


make sure your bearings are the best. 
Look for the trade-mark “Timken” 
on every bearing and be sure of maxi- 
mum life,dependability,and minimum 
maintenance. The Timken Roller 
Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. 
Cable address: ‘“TIMROSCO”’. 


This symbol on a product means 
its bearings are the best. 
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